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PREFACE. 


Having labouied some years in the hope of being able to assist 
young papeimakeis, not only m the study of papermakmg 
fiom books and other sources, but fiom everyday observation 
m the paper mill, and having vrntten upon the subject at 
difleient times, the authoi thought it would be as well to collect 
his scattered notes, and present them to the paper trade m a 
handy form for reference This small book is prepared with 
this object The Author, has, moieover, been encouraged to 
reprint his answers to the City and Guilds questions, on account 
of requests made to him by many who made use of these answers 
when they first appealed m the columns of Paper and Peep. 
Xo attempt has been made to include an mtioductoiy chapter 
The book is meiely a lepimt of all the Authoi has published on 
the subject of the City and Guilds questions, together with other 
matter directly beaiing on the subject It is earnestly hoped 
that students for the City and Guilds examinations will find the 
book of some service by way of instruction and preparation, and 
further, that it will assist paper mill hands, foremen and others, 
to answer questions of a similar natuie for themselves m their 
everyday woik 

The Author wishes to expiess his thanks to those friends 
who have rendeied him valuable assistance, among whom, he 
would particularly mention the Examiners, Mr C P Cross and 
Mr George Clappeiton, and others, whose work has been referred 
to m the text 

CLAYTON BEADLE 

Labcn atones 35 The Iicuo’ 

London Budge, S E 
November , 1905 
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TECHNICAL EDUCATION AS APPLIED TO 
PAPERMAKING. 


I axc not aware fcliafc any attempt has, so far, been made to 
discuss the general bearing of “ technical education ” m its 
relationship to paper manufacture The constitutional peculi¬ 
arities of papermaking rendei it all the more necessary that this 
subject should be discussed strictly on its own merits, and not 
merely as part of a general scheme for technical education. The 
national advantages possessed by such countries as the United 
States and Scandinavia, to whom oui markets are laid open, 
expose us to a fierce competition and rivalry, and render it all 
the more necessary for us to do all that lies m our power to 
foster technical education, to insure the utmost economy and 
efficiency of working, as well as to keep up the quality of our 
products. 

I do not claim ongmality m the views and statements which 
I am about to put forwaid On the contrary, I wish it to be 
understood that they have been gleaned from various somces, 
as the result of my contact with members of the trade I feel 
that the subject is now ripe for discussion, and if this paper is 
the humble means of initiating a discussion. I shall feel amply 
justified m bringing it before your notice 

There appeal to be differences of opinion as to what technical 
education comprises These two words, “ technical education,” 
are m the mouth of all those who discourse on the subject of 
education generally Foi a legal definition of 66 technical educa¬ 
tion,” I would refer you to some recent utterances of Lord 
Salisbury, m which he points out that even the State definition 
by Act of Parliament is somewhat vague Technical education 
is really 44 special education,” and, m my opinion, might well be 
defined as 46 education designed on behalf of any special calling ” 

The subject of technical education generally is only just 
VOL II B 
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beginning to assume definite shape There appear to be no 
books on its general principles othei than official books I have 
been unable to find a single book devoted to the subject gene¬ 
rally This appears to be strange, because there are geneial 
pnnciples which underlie technical education, as applied to all 
subjects This is evident to anybody who has studied the subject, 
even superficially A book which could demonstrate the geneial 
pnnciples common to all departments of technical education, 
would be of great assistance to technical mstructois and students, 
and would tend to bring about a uniformity m the methods of 
teaching vanous subjects At present I venture to think there 
is little umfoimity m the method employed by teachers of 
diffeient subjects, to say nothing of those employed by teachers 
on the same subject m diffeient paits of the country 

The question, therefore, that confronts us is How are we 
to so design and apply education so as to render it of efficient 
service m the manufacture of paper ? I will not pretend to give 
a solution to this question, but I smceiely hope that my remaiks 
may lead those chiefly interested m the matter to give it their 
most serious consideration, and that by so doing some useful 
progress will be made 

I have alieady made an attempt, thiough the medium of the 
Paper "Maker m my articles on “ Technical Education as applied 
to Papeimakmg ” and u Chemistry and Papermaking,” to discuss 
the subject in its geneial bearings, and some of the following 
xemaiks have alieady appealed m the articles above lefened to 


Chemistry and Ehg-iheerihg 

In older to assess the relative importance of Chemistry and 
Engineering, for the purpose of papeimakmg, it is necessary to 
consider briefly the conditions of the paper trade m this country 
Prior to the introduction of “ chemical ” and “ mechanical ” 
wood pulp, the whole of the chemical as well as the mechanical 
operations were conducted m the paper mill Of recent years, 
however, a great change has taken place Wood, which now 
forms a large bulk of the material used for paper manufacture 
(and is likely to foim even a greater propoition of the materials 
used m the neai future), is now chemically and mechanically 
treated close to the somces of the supply The consequence of 
this is that the whole of the mechanical and chemical operations 



involved in the conversion of timber into wood pulp, are no 
longer conducted m this countiy, but have to be performed m 
the United States Canada, and Scandinavia 

All those who aie engaged m the paper manufacture m this 
country, and likely to lemam heie, do not necessarily lequne a 
knowledge of these processes, although it is advisable that they 
should know a & much as possible of the treatment of the raw 
matenal pnoi to their leceivmg it for conversion into paper 
This countiy is cut off from performing a large proportion of the 
chemical treatment, and now gives its attention more strictly to 
the actual paper manufacture, leaving the treatment of much of 
the raw material to other countnes 

I venture to tlimk that too little stress is laid upon the 
engineering aspect of papermaking It is generally conceded 
that chemical knowledge is indispensable, but, m my opinion, 
mechanical knowledge is equally a necessity m modem paper- 
making* Papermaking may be regarded as a species of chemical 
engineering Di Witt," m his paper before the International 
Congress held at the Society of Arts in 1#D7, remarked, “ Dyeing, 
calico-pimtins-, and papeimakmg are peihaps the only chemical 
industries which may rightly claim the necessity of some special 
instruction in the methods of their manipulation ” Notice that 
Di Witt describes papermakmg as a chemical industry 

As regards the necessity for engineering m so-called chemical 
industries, I would draw your attention to the remarks made by 
Mr. G E Davis, m his excellent treatise on “ Chemical Engi 
neermg ” He endeavouis to trace the influence of a qualified 
engineer being at the head of affans m a chemical industry 
such as m “ Alkali Making.” One would almost judge from his 
remarks that in such a case he considers engineering of para 
mount importance, if not of equal importance with chemistry f 
There are many intricate chemical opeiations involved m 
the manufacture of papei, but m spite of this, papeimakmg is 
veiy largely a mechanical operation A proper understanding 
of either the chemical or mechanical operations necessitates a 


* ££ delations existing between the Teaching of Puie Chemistry and Applied 
Chemistry/* by Otto N Witt, Ph D , at the International Congress on Technical 
Education 

t “ the fact was not to be ignoied that the engineer with a little 
knowledge of chemistiy generally was moie successful than the chemist with 
a smatteung of engineering, which goes a long way to prove that the engineering 
knowledge was the moie valuable of the two *’■— f< A Handbook of Chemical 
Engmeeiing/’ by G E Davis, pait 1 , p 2 
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knowledge of botli chemistry and engineering, m consequence of 
it being impossible to separate the two branches of papermaking 
one from the other The machinery of a paper mill is also 
intricate and of a very diversified oidei Fiona a stiucluial 
point of view alone, and for the puipose of repairs and general 
np-keep of the mill, managers, loremen, and others in respon¬ 
sible positions should certainly have a considerable knowledge m 
engineering 


Chemistry and Constitution vl Difficulties 

Science is making strides year by year, but it must be 
remembered that the acquisition and accumulation of scientific 
knowledge is a far easier thing than its mdushnal application 
It is haid enough to apply chemical knowledge to working out 
and developing some new industry—even m the case of some 
chemical industry,—but it is far harder to apply chemical know¬ 
ledge to an old-established industry like papermaking The 
ait" of papermaking (at any rate up to the middle of the last 
century) had been acqmied almost without the aid oi chemical 
knowledge Many of the most successful papermakers the woild 
has ever seen had no chemical knowledge whatever Moreover, 
a prepidice has been engendered against science by those men 
who had made themselves swcessful without it assuming that 
it was unnecessary, and teaching others to believe so I would 
furthermore mention another difficulty, largely as a consequence 
of the foregoing, namely, that paper making, being the outcome 
of rule-of-thumb practice, is constitutionally unscientific, and m 
a large measure unfit to receive help fioin chemistry Those are 
some of the constitutional difficulties which confront us J call 
them constitutional advisedly, as I wish to urge that educational 
advance will be largely influenced by constitutional changes, or 
retarded by constitutional inactivity 


Papermakinq am a Profession 

If we look at other mdustnes that are as old as papermaking, 
but at the same time amenable to scientific treatment, we find 
that they have been transformed mto truly scientific operations. 
Take, for instance, the operations of mining and the manufacture 
of non and steel. These operations have been studied m the 
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minutest details by eminent engineers, and also by the leading 
metallurgists and chemists in all paits of the noild The result 
is that their general principals are taught daily, and national 
institutions have sprung up wheie fiist-class training can be got, 
and young men thus educated are able to start their caieer with 
a thoiough knowledge of the ait 01 craft of their piolession 
By such means, mining and engineering have been raised to the 
lank of professions 

These professions gave use to such powerful bodies as the 
School of Mines (now the Eoyal College of Science), especially 
lor the education of young lellows who devote their lives to 
mining operations , the Institute of Civil Engineers , the Insti¬ 
tute of Mechanical Engineers ; the lion and Steel Institute, &c., 
to say nothing of the bodies devoted to electucal engineering 

When we can bring about this mucli-to-be-desired change, 
not necessarily m the actual manufacture of paper itself, but m 
our mode of regaidmg the principles of its manufactuie, and 
m our mode of enunciating, demonstrating, and tieatmg them, 
then, and not till then, can we lank papermaking side by side 
with othei so-called professions. 


Tjie Relation of the Chemlsi. to Papebma kin c-. 

I ventuie to think that the national piosperity of paper¬ 
making m this countiy will largely depend upon the attitude of 
the papermakei to the chemist, and the attitude of the chemist 
to the papeimaker As this relationship must also affect the 
educational question, I think it cleseives special consideration 
The resident chemist, 01, moie conectly speaking, the person 
lesponsible loi the loutme chemical woik of the paper mill, 
should exercise moie influence than he is able to exert at present 
J am strongly of opinion that, m spite of the indifference of the 
papermaker to science, the lesident chemist has been largely to 
blame for his non-success. In many cases, the chemist is not a 
piopcily qualified naan, he is not at all piactical, he is by no 
means a disciplinarian in his work, and he seldom caines Ins 
woik to a satisfactoiy issue The chemist is too often a dabbler, 
who, when he is set to work out some problem, docs it m a 
half-hearted way. He, perhaps, succeeds on a laboratory scale, 
and is not sufficiently m touch with the practical man to be able 
successfully to accomplish his work on a large scale 

I venture to think that it is a mistake for the chemist to 
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content himself with a knowledge of chemistiy only , it is advis¬ 
able that he should be a good draughtsman and have some 
knowledge of engineering Farther, it is important, ii not 
essential, that he should have had a thoiough dulling m the 
paper mill How often has a manufactuiei taken a young 
fellow possessing a good elementary training as a chemist, and 
met with nothing but disappointment It sometimes happens 
that a young man of this stamp will rise to the occasion, and 
instinctively acquire a technical grasp of the particular manu¬ 
facture to which he is giving his services , but such men are few 
and far between, and it is consequently a dangerous expenment 
to employ a man under such conditions 

On the other hand, the chemist is often left too much to his 
own devices by the piactical paper maker He is nob culled upon 
to give sufficient account of himself and Ins woik, and is lelt to 
study what problems he likes It is only when something foi 

which the chemist is supposed to be responsible goes radically 

wrong that he is brought to book The appliances at the dis¬ 
posal of the resident chemist are, as a lule, altogether inadequate 
for useful work, and as the equipment that a chemist requires loi 
papei-mill work is not expensive, tlieie can he no excuse for his 
not having what he requires I am inclined to think that the 

chemist is partly to blame for not adequately equipping Ins 

laboratory for the work he has to do. 


Duties of Works Ohkmikt 

The foundation of the work of a resident chemist should 
be routine work, undertaken at the instance ol the principals 
of his firm. The woik should be carefully chosen, eaie being 
taken, of course, that no unnecessary woik is done There are 
many tests that should be undertaken as loutme woik, either 
daily, weekly, or fortnightly, as encumstanees warrant The 
laboratory should be so equipped as to render this work as easy 
and rapid as possible Records of the tests should be kept m 
books, to which membeis of the firm can refer, and there is no 
reason why they should not be entered with as much regularity 
and precision as entries are made m the day-book or ledgei 
in the counting-house The rapidity and precision of loubinc 
chemical work is largely dependent upon the choice of suitable 
methods 

When certain obseivations become matters of everyday 



loutme, it is possible so to arrange the woik as to leduce labour 
and minimize the possibility of error An investigation should 
be conducted m such a way as to bring into due piommence the 
particulai point requmng elucidation A chemist will some¬ 
times take too much pains over details that have no bearing 
whatever on the point at issue ; this, of couise, is a gieat waste 
of laboui. 

Theie are many questions ielating to papermaking that are 
extremely complex, and a chemist should form no judgment, 
except after lepeated verification of his results. In bunging 
his results before a piactical papermakei, if need be, the chemist 
should piesent his figuies m such a way as to be thoioughly 
intelligible to an unscientific mind The choice of woik should 
have very careful consideration In this matter the chemist 
should be largely influenced by the piactical papermakei The 
woik might be conveniently divided under three headings— 

(1) Routine chemical woik 

(2) Special investigations 
(d) Research woik 

No 1 should be undertaken first, No 2 as occasion requires, 
and No 8 as time and circumstances permit Undei the heading 
of No 1 there aie, I should judge, twenty lines of woik appli¬ 
cable to any paper mill Under No 2 must be included all 
special work that the chemist is called upon to undertake from 
time to time, such as the testing of any new process No 2 
will be a greater test of the chemist’s capabilities than No 1 

The reseaich work should be entnely spontaneous on the pait 
of the chemist If he has the time and opportunity, he might 
undertake investigations on his own initiative, and he should not 
be discouraged fxom so doing by his employers, so long as the 
work m question has some nnpoitant bearing on papermakmg 
My reasons for stating that a chemist should, be something 
more than a chemist, are as follows He should certainly be able 
to do such things as indicate a steam engine, conduct boiler 
tuals upon the evaporative efficiency of fuels, oi determine the 
relative efficiencies of different types of furnaces, &c , unless 
he is somewhat of a mechanic, he will not be able to make special 
appliances required for his investigations, or to instruct otheis 
to do so ; unless he is a diaughtsman, he will not be able to 
make his own designs or submit drawings to his principals 
Unless he has actually been drilling m papermakmg, he will 
most likely content himself by testing a process on a laboratory 
scale only With practical experience oi industrial processes a 
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man, howcvei scientific, if piopcrly balanced, will not be con¬ 
tented with laboratory investigations alone ; lie will icguul such 
work as stepping-stones only, and piocecd to icpeut Ins experi¬ 
ments on a moie extended scale, and nndei conditions which, 
obtain in practice Then, and not till then, can he feel the least 
assuiance of success on an industrial scale 

I have said enough in iclciencc to the duties and responsi¬ 
bilities of a papei-mill chemist, but the primal y responsibility 
appears to rest with the piactical man How is it that most 
papermakcis have no icsident chemist at all, whilst others have 
men who are mere dabbleis, who, absolutely devoid ol system, 
do just wliat they like and leave the xest ? Whose built is it 
that such is the case •> I venture to think that tlie papeimakcis 
are partly to blame for not employing thoioughly good men, and 
placing the necessary appliances at then disposal Such men 
will he forthcoming i( the papormakers show mote desne to 
enlist their seivices 


Tub Want of Educat tonal OrroiiTUNmiw 

The student who desues to instruct himself, either for his 
general advancement or fox the puipose ol passing the City and 
Guilds of London Institute Examination, is coni united with 
many difficulties, and it is as well that these difficulties should 
be appreciated He is moie likely than nol to he living ixi some 
out-ot-the-way place wheie he is dependent entncly upon his 
own resouices We take it lor granted that he holds some post 
m a paper mill It is hardly to he expected that his employers 
would permit him to “ poke his nose ” into every department in 
the mill for the purpose of gaining information H this would 
be permitted (which is extiemely improbable, not to say un- 
leasonable) no one mill will affoid a sufficient object-lesson for 
the purpose of his studies He is therefore thxown back on what 
literatme he can obtain. He would requne to save up his money 
foi a consideiable time m order to purchase the books recom¬ 
mended foi the study in the syllabus of the City and Guilds of 
London Institute, the total cost of these books being about 
* 11 * 

The publication of Hofmann’s Treatise was discontinued 

* City and Guilds of London Institute Pi ogi amine of Technical Examina¬ 
tions, p 57 
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after a sixth number, and thciefore only about a third has 
appeared Also the student cannot now obtain copies of the 
“ Practical Papeimaker,” by Dunbai, and the 64 Art of Paper- 
making ” (Kent & Co ), as both these books aie now entirely 
out ol print , it must not be forgotten also that the 44 Chemistry 
of Papeimaking,” by Griffith and Little, and also Dr. Arnot’s 
Lectures, aie out of print The student is therefore severely 
handicapped, as out of eleven books recommended for reading, 
fout are now out of punt, and one is only partially issued 
Special aitides, also, referied to m the trade journals, are for 
the most part out of print, and tkeiefore impossible to obtain. 
Even assuming that the pupil has all the liteiature on the subject 
available, eithei m his own possession or at some institute, he 
must have guidance m his studies 


P U?EB WAKING LlTEUATITBE 

The text-book literature is, foi the most part, empirical, it 
does not deal with the general principles involved m the manu- 
factme of paper, it gives a general descuption of the vanous 
piocesses, leceipfs, and illustiations of plant, Ac Geneial prin¬ 
ciples hold good for all time, but empmcal knowledge becomes 
obsolete m piopoition as the industry advances. Many of the 
textbooks on papeimakmg are old, and consequently out of 
date The student who studies these may be unconsciously 
acquiring knowledge of what was done twenty or thirty years 
ago, instead of what is being done at the present day. Of couise 
we cannot do more than make use of the literature that we have 
at our disposal, hut those who are attempting to educate students 
should warn them of the difficulties with which they have to 
contend, and should direct and advice them m their studies, so 
as to save them unnecessary labour. 

Although text-book knowledge is very useful m its way, and 
\ery much to be encouraged, it will novel make a man a good 
papeimaker; the ordinary text-book is more to be desired as 
a book of reference or a book at the elbow than a book to be 
committed to memory. That which comes to the memory should 
savour more of practical evpenence than of text-book knowledge. 

From an educational standpoint, a knowledge of the geneial 
pi maples involved is much to be desired ; this can be acquired, 
m a measure, by careful study of the history of paper manufac¬ 
ture History leveals a gradual evolution since the introduction 
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of the Fouidinner machine This is itself a valuable object- 
lesson demonstiatmg the unfolding of general principles Histoiy 
also lends additional interest, and will often stimulate leading 
as well as mqmiy. The reasons for the abandonment of one 
appliance m favour of anothei, and the effect of such a change 
on the im provement or otherwise of the product under tieatment, 
and also upon economics of production, if followed m all its 
stages, reveals to us m the tiuest light the scientific aspect of 
papermakmg Such studies aie to be lecommended for advanced 
students, and will he found most fascinating, besides being of 
real practical value and encouraging scientific methods One 
cannot over-estimate the importance of following step by step 
the improvements that have been effected from time to time m 
paper manufacture, their cause and effect, and why we have held 
to ceitam things, and why we have abandoned others. 


Technical Education from the Workman’s Point of 

View 

Let us now regard the question of education from the working 
man’s point of view. Mr Davis says (see above), u It is quite 
evident that the ordinary working man is not dependent in any 
way for the excellence of his work upon any scientific knowledge 
he may possess It would not be fair to say that the possession 
of any scientific knowledge on his part would be a disqualifica¬ 
tion for his work, but in all ordinary cases he would be just as 
well without it ” However true this may be m some chemical 
mdustnes, I do not think it is true of papermaking. It is 
important that the working man should have an intellectual 
grasp of the general principles involved m the particulai work 
he has to peiform (which is only another way of saying that he 
should have scientific knowledge of his work), however limited 
in scope that work may be In the case of papermaking, which 
perhaps is a peculiar one, he should have more than this, for 
the simple reason that each process is dependent upon its pre¬ 
decessor, and influences that which is to follow The working 
man, therefore, m order that he may do his work well and intel¬ 
ligently, should have some scientific knowledge of the other 
branches of the work which influence Ins own or are influenced 
by his own I am sure many practical papermakers are fully 
alive to this. 

It is said that paper is made m the rag-house , this implies 



11 


that the preliminary treatment of the raw material before it 
receives its real chemical and mechanical treatment, affects the 
whole of the subsequent operations And yet, how little the 
foieman of a rag-house, to say nothing of those under him, 
knows of the after processes Many of these workpeople, and 
undoubtedly with good reason, have not been permitted to walk 
through the other departments of the paper mill The same 
may be said of the “ boiling,” and perhaps with greater force of 
the “ beating ” departments. The beateiman, m my opinion, 
should possess a considerable knowledge of the processes to 
which the stuff is submitted, prior to the beating, and also 
(which is perhaps more important) a knowledge of the influence 
which some slight change m the beating will produce in the 
behaviour of the stuff on the machine, and its effect upon the 
qualities of the finished paper 

I claim, also, from another standpoint, that all workmen 
should he able to avail themselves of technical instruction. In 
order to appreciate their claims to technical education, let us 
endeavour to place ourselves m their positions Undoubtedly 
woikmen are ambitious of improving then positions The boy 
comes to a papei mill, and is put into some liiesponsible position 
where he has to do little else than manual labom. As time goe 
on, and as opportunities present themselves, he is given a “ rise 
and put in a better position. He is drafted, perhaps, from on 
department to another, and he gradually takes a more responsibl 
position. He may, m the course of his multifarious duties, hav 
occupied every position m a paper mill It is important that 
he should have the opportunity from the very commencement, 
not only m his own interest hut also m the mteiest of his 
employers, of obtaining a more intellectual grasp of the work 
he has to peiform than he can gather from mere observation m 
the mill itself. Such knowledge must tend towards efficiency, 
it must give additional interest to work, and also it must assist 
a man to qualify himself for a better position. 


Education by Tradition and Q-eog-raphical Isolation. 

In former days knowledge was acquired by the old sys 
of appienticeship The accumulative experience m many 2 
must have been great This knowledge was handed dowi 
tiadition from one generation to another. Men, m order 

* The same remaik is often applied to the “beating 
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maintain their positions, perhaps, after they were disqualified 
through age or want of energy from carrying out their duties 
efficiently, would refuse to impart the knowledge they possessed 
to those under them. The result has been, over and over again 
m many industries and m many mills, that this unwritten know¬ 
ledge has died with the individual, and has to be reacquired by 
some means or other 

There is also another barrier. Papei mills are distributed m 
various parts of the country, often m inaccessible and isolated 
places , from a geographical point of view, therefore, there aie 
bamers to united action. A papermaker often had little or 
no knowledge of what his next-door neighbour was doing His 
instructions weie often verbal, and there was no written liteia- 
tiue of the mill. The valuable knowledge gained, after many 
yeais of experience, might easily become extinct on the death 
of one of the membeis of the firm, or peihaps on a change of 
management It must not be forgotten that experience is not 
inherited, but has to be acquired. 

What militated, not many yeais ago, against any possible 
chance of educational advancement, or perhaps industrial pro¬ 
gress, was the conseivatism and isolation, and, sometimes peihaps, 
the jealousies of the papermakers m different parts of the 
country. This state of affairs, from the industrial point of 
view, has for the most part been remedied "Rapid advancement, 
keen competition, and change of methods have wiped out all 
this, and the keen competition which now assails ail members 
of the trade compels them to look for some united action to 
enable them to maintain then individual, as well as their national 
supremacy. 


The Necessity foe Teaching the “ Practice ” 

Sir Philip Magnus, in his paper on the “ Theory and Practice 
of Trade Teaching, 55 refers to the interpretation put upon the 
following words m the Technical Instruction Act . “ Shall not 
include teaching the practice of any trade or industry or employ¬ 
ment. 55 ' He points out how these words have received very 
liberal interpretation It is difficult to conceive how any tiade 
or industry can be taught to any great advantage, unless the 
mactice of the trade is taught at the same time Theie is a good 
leal to be said on this point m relation to papermaking. The 

* 4 International Congress on Technical Education,” p 27 



13 


Act appears to throw the onus of teaching the practice of the 
industry upon the manufacturers themselves It must be con¬ 
ceded that indiscriminate teaching is likely to be productive of 
as little good as mdiscimnnate chanty Like everything else, 
it requires to be properly organised. It is impossible, for reasons 
above stated, for the aveiage student who desires to make a 
study of the geneial principles of papermaking, to obtain a 
sufficient diversity of practice, or of knowledge, m the capacity 
m which he works m a paper mill His technical knowledge 
will, of necessity, become limited unless the practice of the art 
can, m some way, be demonstrated outside his individual work 
On the other hand, the papermakers, as individuals, cannot 
resolve themselves into educational bodies. 


Technical Equipment. 

To overcome these difficulties the Municipal School of Tech¬ 
nology, Manchester, are setting a most excellent example by the 
erection, at a great outlay, ot an installation of papermaking 
appliances on a small scale, by means of which the various 
processes of paper manufacture can be demonstrated to paper- 
mill workers. I am much indebted to Mr J H. Reynolds, 
Principal of the Municipal School of Technology, Manchester, 
for his courtesy m supplying me with details of the equipment. 
The plant has since been installed and is working successfully 
It comprises the following — 

Equipment of Paper-testing Labenatonj —Microscopes, micro- 
photogiaplnc outfit, tearing machines, micrometers for measuring 
the thickness of papeis, stoves for ascertaining the moisture in 
wood pulp, apparatus for asceitammg the resistance to folding 
and crushing, papei balances, ash balances, and numeious other 
appliances 

Pape) malzuiij Plant —Rotaiy spherical boiler, breaker, beater, 
stuff chest, sand tables, strainers, Fouidrmier machine (to make 
paper 21 inches wide, wet end), two wet presses, two batteries 
of drying cylinders, smoothing calender, slitter knives, reeling 
appaiatus rereeling apparatus, sheet cutter, ordinary and friction 
calender, embossing calender. 

“ Eancl-made ” Plant •—Vat, couching arrangement, special 
drying arrangement, spindle pi ess, plate-glazing calender 

As far as I can gather from all sources, I shall be right m 
saying that the above equipment is quite unique, and it is to be 
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hoped that) the committee’s heavy expenditure will receive the 
support that it deserves from the paper trade m all parts of this 
countiy I am informed that Mr Julius Hubner, F C S , is the 
head ot the paper department; he instituted the technical classes 
in connection with paper making about nine years aG:o. I feel 
it only light to say that the trade is much indebted to Mr Hubner 
for the enterprise and public spirit he has displayed It was, I 
believe, due m a large measuie to his support that the Municipal 
School of Technology decided to take the bold step, originally 
suggested by Mr Robert Marx, of erecting model papermaking 
plant for educational purposes. 


“ Education Ikteg-rale ” 

In older that any real and substantial progress can be made 
in the technical education of papei making, it is necessary that 
practice and snence should go hand in hand. To read about a 
process, or even to be lectured to about a process by a practical 
papermaker, could not give the same acquaintance as a com¬ 
bination of such teaching with the actual working of the process 
itself On the other hand, seeing a process carried out, or even 
conducting a process for one’s self, on a commercial scale, does 
not necessarily convey anything like a full knowledge, unless the 
scientific principles are, at the same time, fully enunciated This 
is powerfully urged by Krokoptm, who condemns the arbitrary 
division of society into brain workers and manual workeis, and 
advocates the system known as Education integrate , m which both 
brain work and hand work are cultivated side by side The 
importance of this mode of procedure, as far as an industry will 
permit it, cannot be over-estimated * 

It should be borne in mind that since the introduction of the 
Fourdrmiei machine, the papermaker is no longer the man who 
makes paper, m the literal sense of the word, but rather one 
who understands how to make it. The u hand ” cannot be used 
in conjunction with the “head,” to the extent to which it can 
be m many other industries ; but notwithstanding, the “ hand ” 
should be used to the extent of being able to operate any 
machine used m the process of paper manufacture, m addition 
to assist the understanding of diagrams and plans setting forth 

* “ Fields, Factones, and Woikshops,” by P Krokoptm Ssvan, Sonnen- 
schein & Co, Ltd 
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the full details of the machine, and education should extend to 
a full knowledge of the general principles of its working 

It is to be hoped that the enterprise displayed by the Muni¬ 
cipal School of Technology at Manchester will be productive of 
much good m this direction. It is quite feasible that a great 
deal ot useful educational work could be done with a small 
papermaking machine It is, perhaps, too much to expect that 
workmen would become practical machine-men by merely familiar¬ 
izing themselves with the working of a small machine , but they 
could certainly rapidly acquaint themselves with the geneiai 
principles of the machine and the influence of the different 
factors which control the properties of the web of paper far moie 
quickly by such means than they could ever hope to do by 
acting as an assistant to a machine-man on a big machine. "With 
such a small machine the thickness, the shake, the suction, the 
drying, and the pressure of the rolls, the temperature of the 
stuff, and all such details could be controlled and lapidly changed 
at will, and the influence of all the changes could be studied in 
their effect upon the finished paper A small machine might 
also be used for any class of material An immense amount of 
useful information should be imparted by such means, which 
might prove of the gieatest industrial as well as educational 
value. 

A small machine, such as that being erected at the Municipal 
School of Technology, can hardly be expected to do the work 
exactly m the same manner as a large machine would I contend 
that this is not necessary for educational purposes "We all know 
that there is a difference between a chemical reaction on a few 
grams m the laboratory, and the same reaction when carried 
on on a commercial scale, but there is, nevertheless, a direct 
relationship between large and small operations, which can be 
absolutely accounted for It is conceivable, therefore, that a 
relationship can easily be established between operations of a 
small paper machine and those of a large paper machine, so that 
valuable and practical deductions can be arrived at even m the 
event of the small machine affecting the stuff somewhat differ¬ 
ently. The Municipal School of Technology, Manchester, and 
also the engmeeis, Messrs Hemmer Brothers, are to be congratu¬ 
lated on this very hold experiment, the results of which will 
undoubtedly be looked forward to with great interest by members 
of the paper tiade Should it succeed, I think we should be 
compelled to modify our views as to the possible scope of 
technical instruction from a papeimaker’s standpoint 
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It is encouraging to know that the technological esami 
nations are becoming more and more practical every year , this 
must help to make the teaching moie practical also. The 
responsibility of the exammeis is veiy great, because the cha- 
ractei of the questions which are set will, m a large measure, 
influence the chaiactei of the teaching, as a large bulk of those 
who go m fox technical education do so with the object of 
passing the City and Guilds’ examination It is very gratifying 
to see so many more students entering for the examination, but 
it is to be hoped a far larger numbei will enter m the near 
future 

The student has, perhaps, at present, four courses open to 
him, thereby he may acquire a knowledge of papermakmg. 

1st By his actual work m the paper mill. 

2nd By reading text-books 

3rd. By his attending classes 

4th By correspondence teaching. 

The limitations to the first of these have already been 
discussed. 


Technical Articles, Lectures, and Examinations 

Text-book knowledge is valuable m its way, it is extremely 
useful m conjunction with practical work ; but something more 
is wanting than text-book knowledge to supplement the ordinary 
practice in the mill To supplement text-book literature, I 
would suggest that much good might be done by the publication 
from time to time of technical articles, dealing rather with 
general principles than with bare statements or descriptions of 
the processes, but whatever direction these articles take, it is 
important that we should keep them up to date It is important 
that the mill-worker should have the opportunity of close contact 
with those who are endeavounng to teach him, hence the neces¬ 
sity for lectures m all the most important centres 

Technical education will be of little or no service unless it 
keeps abreast of the times It is no good teaching what has been, 
but what is and is to be. It will be no good employing academic 
teachers. Practical men of good standing, alive to all recent 
improvements, and m close touch with the industry which they 
profess to teach, will be required—men who can acquire and 
assimilate all the most recent improvements, and not men who 
teach the same thing year after year with little regaid to changes 
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that are taking place. What benefits shall we derive fiom men 
who go about the country lecturing on technical subjects, the 
whole of their knowledge of which is derived fiom text-books ? 
In order to impart technical skill and knowledge, a man must 
be what he wishes his pupils to become. An intelligent pupil, if 
he desnes to, can assimilate knowledge from a test-book without 
the aid of a public exponent Instructor aie wanted for the 
purpose of imparting than intimate knowledge that cannot be 
derived from text-books 

Fifteen years ago, on good anthonty, we are informed that 
the attitude of the workman towards education was j^ositively 
hostile. Five years ago we were told that this feeling had almost 
disappeared To-day we find the [National Union of Papei-mill 
Workers, or the Amalgamated Society of Papermakers, meet¬ 
ing and discussing the subject of technical education, and even 
urging the necessity foi it as a means of fighting foreign com¬ 
petition The men themselves have not only lived down their 
prejudices, but are now crying out for technical instruction. 

At a meeting of the Trades Union held in 1894, a fear was 
expiessed that the technical education would tend to overstock 
the trade with woikmg men, and consequently bring down the 
wages and increasing the unemployed. It has been considered 
necessary by many to stipulate that only those engaged m the 
trade should receive instruction. I am very much m sympathy 
with those who consider it unfair on bond fide paper-mill workeis 
to give instruction to outsiders, and that the instruction should 
be limited only to bond fide paper-mill workers. This view has 
been expressed by membeis of different trades, and not without 
good reasons. If the examinations could be made an absolute 
test of practical experience and knowledge it might not be neces¬ 
sary, or, perhaps, desirable to make this stipulation. It has, 
however, under existing circumstances not proved possible to 
make the examinations a real practical test As the result of 
the examinations, Mr. Slmgo * informs us that “ one city cleik 
was, in his year, the prize carpenter of the United Kingdom, 
another took the prize m the electric lighting ; another the prize 
m the electrical instrument making ; another m tools , and 
another, who had never been out of London for more than a 
week or two at a time, obtained a certificate qualifying him as 
a teacher for agriculture ” Under such circumstances, and until 

* “The True Basis of Technical Education,” by William Slmgo, before the 
International Congiess 
VOL. II. 
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examinations can be made an absolute measure of practical 
knowledge and experience, it would be only fair to prohibit all 
outsiders from competing. It is very encouraging, tkerefoie, to 
know that the technological examinations are becoming more 
practical yeai by yeai, but it is impossible to urge upon the 
examiners too strongly the necessity of making them more so, 
and to be satisfied with nothing less than an examination which 
shall be an absolute measure of practical experience 


COEUESPONDENOE TUITION. 

It has been urged that correspondence tuition tends to 
discourage class teaching, which is considered far more valuable, 
and therefore correspondence teaching should nob be resorted 
to I have conducted a correspondence class m the paper trade, 
and have found that the gieatest number of students, m any 
one locality, who have availed themselves of the correspondence 
tuition, have at the same time been attending lectures and classes 
conducted privately by their employers. It does not appear 
that correspondence tuition will m any way intei fere with the 
lecfcuie attendance, but it would appear rather that one will assist 
the other. There are many things to be said m favour of corre¬ 
spondence tuition ; for instance, there are many difficulties to 
be contended with in classes, which do not occur m a correspond¬ 
ence tuition The classes are few and far between and not 
accessible to many, whereas correspondence teaching is equally 
accessible to students in all parts of tlie country. Correspondence 
tuition is perhaps a misnomer , my ambition has rather been to 
help and guide mill-workers by means of test questions I have 
endeavoured to set them leading questions of a practical nature, 
and on receipt of their answers have published, through the 
medium of Papeb and Pulp, my remarks on each answer. 
Each worker has the advantage of reading my remarks on all 
the answers. In many cases I have quoted from the answer, and 
m some cases, where the answers are very good, have published 
them in full to encourage the workers as much as I can. What¬ 
ever objections may be raised against this by the City and G-uilds 
of London Institute, the result is certainly very encouraging. All 
the workers, I think, without exception, have improved in their 
answers ; they are gettmg to know how to tackle questions and 
how bo express themselves better. The average paper-mill 
worker, however thorough his practical knowledge may be, requires 
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piactice m constructing his answer before he enteis foi the examina¬ 
tion Apart from actual aid for examination purposes, “‘test 
questions 55 may have a wider and more important scope—they 
stimulate inquiry The worker has the questions before him, 
and he goes about his everyday work m the mill and thinks 
them over His own work may have some bearing on the ques¬ 
tion set him ; they aie not spiung upon him all of a sudden, as 
at an examination He has plenty of time to think them ovei 
before he need answer them 

I do not wish it to be thought that correspondence tuition 
should take the place of classes and lectures I think that 
probably the first aim should be to establish classes and lectures 
m important centres , but inasmuch as classes and lectures, how¬ 
ever well they may be organised and attended, can only benefit 
a limited number, whereas correspondence tuition, or “test ques¬ 
tions,” somewhat on the limits above indicated, can be made to 
reach everybody, I think they are much to be encouraged 

The Hertfordshire County Council did me the honour of 
asking me to lecture befoie the Dickinson Institute, and I de¬ 
livered a course of six lectui es last autumn. I was mnek struck 
With the enthusiasm displayed by the workpeople, about eighty 
of whom attended The Hertfordshire County Council have 
perhaps shown as much enteiprise as any centre , they have again 
enlisted the services of Hr J T Amslie Walker in preparing 
students attending the Dickinson Institute for the forthcoming 
examinations The trade m general in and around London are 
indebted to Mr John Wilson, F C S , for having started a class 
at the Battersea Institute Last session Mr. Wilson delivered 
a course of lectures on the u Chemistry of Papermakmg,” and 
this year he has secured the services of Mr E. J H, Sballybrass 
(Assistant Examiner of Paper m H M Stationery Office) The 
course this session is chiefly devoted to paper testing. The course 
has started well with thirty-five entries, the practical work being 
the great inducement, especially as the cornse is quite novel m 
the London district Other classes and courses are being held, 
but space will not permit me to go furthei into these details 


Education Abroad. 

I am indebted to Mr Eobert Marx for the following informa¬ 
tion m legald to work that is being done on the Continent *— 
As far as the technical education of workmen m Germany is 
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concerned, it may be stated that there is no institute for paper- 
mill workers Tkeie are, of course, places where mill foremen 
can obtain the requisite knowledge, and others for fitters, but, 
generally speaking, the mill hands have to learn everything 
connected with their woik m the paper mill itself Furthermore, 
there are no technical schools provided for papermakers 

Some time ago Professoi Kirchner, of Chemnitz, gave several 
lectures to students, but was compelled to abandon them on 
account of insufficient support There is, however, a school for 
papermakers m Vienna, attached to the Royal Technical Museum, 
under the control of Mr H Schultze Some of the universities 
and te chni cal institutions in Germany give legular courses and 
lectures on papermaking, but all these are chiefly intended for 
papermaking engmeeis As far as I can ascertain, very little is 
being done in the United States to further technical education 
for papermakers. 


The Value of Research 

As a pait of the educational scheme, it is impossible to over¬ 
rate the importance of chemical research Reseaich work may 
be divided under two headings : (1) Industrial Research and 
(2) Pure Research The very basis of our national advance¬ 
ment and prosperity must, of necessity, be largely dependent 
upon the careful and systematic prosecution of chemical reseaich. 
There are a lot of questions pertaining to the paper tiade, many 
of them apparently small but important details, only awaiting 
exhaustive and systematic study In any adequate scheme for 
technical education, those who pose as instructors and demon¬ 
strators should have an intimate knowledge of what they desue 
to teach, but without reseaich this cannot be done. I venture 
to think, therefore, that any institution or technical school that 
takes m hand instruction m papermaking, should recognise 
the necessity of students applying themselves systematically to 
technical research 

There is a kmd of research which is outside the ken of the 
majority of workers, but which is neveitheless of great lmpoit- 
ance if we are to safeguard our interests in the future I speak 
of pure research In the prosecution of pure research the 
chemist, more often than not, has no immediate industrial object 
in view; but if we read the history of modem progress cor¬ 
rectly, we cannot fail to recognise that many of the most 
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important economic changes have been the direct outcome of 
pure lesearch. And so it must be, but m a greater degree, m 
the near future Although theie are several workers on the 
Continent, Messrs Cross and Bevan stand practically alone m 
this country m the prosecution of pure research in connection 
with the paper industry. 

Our war of the future must of necessity be an industrial war 
There will be little good m waging this singly and individually , 
it calls for the most perfect and efficient equipment, and for 
united action. The trade as a whole should, I ventuie to think, 
recognise the necessity of furthering to the utmost technical 
education, and senously consider the best means of effecting the 
desued end. 

To sum up, I venture to say that whar is needed is a central 
Papermakers’ Institute to undertake the prosecution of industrial 
and pure reseatch, as well as the technical education of all 
students It will be necessaiy, of couise, to have the use of a 
thorough equipment, such as the Municipal School of Tech¬ 
nology are now installing This institute should organise classes, 
lectuies wherever possible, and a course of correspondence tuition. 
The intelligence department should jealously watch publications 
of all sorts bearing on papermaking m all parts of the world, 
and should issue publications to all papermakers who support the 
Institute They should make it their chief aim to lendei men 
more efficient m then 1 daily duties, and to qualify them for 
bettei posts. They should make it their aim, also, to qualify 
those who desne it, for the City and Guilds of London Institute, 
and to urge upon the institute the necessity of modelling the 
examinations so as to make them m every way a thorough test 
of practical knowledge and expenence When this can be accom¬ 
plished, a certificate fioni the City and Guilds of London Institute 
will serve to qualify a man for a better position; and what is of 
more importance, perhaps, papermakeis might insist upon their 
workpeople, at any rate those m responsible positions, taking 
ceitifi cates. 

Our paper industry, containing as it does many practical, 
piogiessive men, alive to their own interests, is still lacking m 
the department of technical education, and lacking possibly 
because private enterprise alone cannot promote it snfficiently. 
State aid may do some good, but the initiative must come from 
the membeis of the trade, and, whatever shape the movement 
takes, it must be the outcome of united action on the part of 
those who are to reap the benefit that is bound to accrue 
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THE USE OF 5PECIALLY PREPARED SIZE IN DRY 
SHEETS FOR PAPER SIZING, 

"When animal size first came mto vogue papermakers almost 
univeisally manufactured their own size, and have continued to 
do so up to the last few years. 

Since the manufacture of gelatine has become an industry m 
itself many improvements have been effected 

It is necessary to make distinctions between what is known as 
gelatme and glue. The former is made from pure raw materials, 
and has much greater gelatinising power than the latter 

Gelatme is used almost universally for coating and sizing, 
wheieas glue is piepaied of adhesive material and its colour is 
immaterial Glue has very little gelatinising quality The name 
of glue is often applied to high-class gelatines, but this is somewhat 
misleading The higher class are generally distinguished by their 
high gelatinising powei, and their good colour and freedom from 
ash. These high qualities, however, aie not all that the paper- 
maker reqmies It is extremely important that the colour should 
be good, fox the simple xeason that if the matenal is at all 
coloured it will lower the tone of all high-class papers. 

With browns, and all papers where colour is immaterial, the 
gelatine need not be of very high colour, but it is essential that it 
should possess certain other qualifications to make it of universal 
advantage for the purpose of paper sizing. 

It is important, for instance, that there should be a right 
degree of penetration and surface. Size that only remains on the 
surface is of little or no value for rendering the paper impervious 
to ink It is necessary that it should penetrate sufficiently to 
make the paper bear ink When manufacturing size m paper 
mills it is by no means an easy thing to produce a uniform 
product, as the size is not manufactured on a sufficient scale to 
render it easy to do so. 



The raw materials used for size manufacture, such as wet hide 
pieces or fleshings, vary considerably in the yield which they give, 
as well as the degree to which they have been treated for the 
removal of the hme, &c. 

When the manufacture is conducted on a veiy large scale, as 
it is m some of our laige-sized factories, much larger stock can be 
kept, and the composition kept uniform by means of taking 
material of average quality. But apait fiom this question, and 
one which is of greater impoitance, is the fact that size suitable 
for the purpose of paper sizing cannot be produced from any one 
raw material alone. In order to obtain the necessary degree of 
penetration, and that the material should give die requisite 
surface consistent with the proper mk-beanng power, it is 
necessary to blend several raw materials, so as to give these 
different qualities of a sufficient degree to make the size useful 
for paper sizing 

With any one raw material the different draughts vary m 
their composition Thus the first draughts from wet hide pieces 
are of a very much better colour and of a greater gelatinising 
power than the last draughts 

The only way at present of gauging the strength of solution m 
the paper mill is by means of the aeiometer, a species of hydrometer 
especially designed to show the percentage stiength of size without 
any calculation 

It is graduated on the stem m percentage of diy gelatine m 
solution. If the solution stands at 75° 0 , or 1G7° Fahr , no 
correction is necessaiy, bub m case the temperature should be 
slightly above or below this, a theimometer is used m the lower 
part whose bulb forms the base of the instrument The ther¬ 
mometer is giaduated m such a way that the graduations aie 
made to compensate for the variations of temperature If the 
temperature is too high the reading on the thermometer must 
be added to the reading on the stem, and if too low it must 
be deducted 

The specific gravity of a solution of gelatine increases with the 
percentage present. The increase is found to he about Twad 
for each per cent, of gelatine The co-efficient of expansion of 
gelatine solution, unless the same he very strong, is neaily that 
of water. 

When first draughts are taken from wet hide pieces and well 
filteied, the percentage of gelatine present agrees very closely 
with the readings of the instrument— 
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Analysis 


5 OG per cent 


4 05 
) 24 
2 50 
2 07 


55 

55 

55 


Hydrometer Reading 


5 15 per cent 


4 04 
d 15 
2 75 
2 02 


55 

55 

55 

55 


When all draughts are mixed from wet hide pieces and after 
filtration:— 


Analysis 

G 29 per cent 
6 26 „ 

G 09 „ 

G 06 ,, 


Hydrometer 

Reading 

7 05 per cent 
7 05 ,9 

6 05 j, 

6 05 ,9 


Per cent too 
high 


10 G per cent 


10 G 
15 2 
15 2 


55 

55 

35 


Hydrometer 

Reading 


1 —G 0 per cent. 

2 — 8 5 „ 


Gelatine 
Actually present 


5 59 per cent. 

6 5G „ 


Difference 


7 0 per cent. 


22 O 
18 O 


93 

33 


The difference shows the error of hydrometer m percentage 
when gelatine equals 100 m each case 

1 = A second and thud draught mixed from wet hide pieces 

2 = The same aftei the addition of the necessary soap and 

alum 

? = The same as No 2 , but containing somewhat less 
alum 

It will he seen fiom the foregoing that the hydrometer reads 
considerably higher than it should do m the later draughts, 
and that even when all draughts are mixed from hide pieces about 
one-fourth must be deducted fiom the reading to arrive at 
the true percentage The deduction of alum and soap also 
increases the gravity considerably. In the ordinary method 
of adding alum and soap about 2 per cent must be deducted 
Thus, if the instrument recorded 8 per cent, the amount of 
gelatine present would be about G per cent. 

It is necessary to determine exactly what influence the addition 
of sulphate of alumina, or alum, has upon the specific gravity 
of size solutions. With that view the following experiments 
were performed :— 

Trials made to see how much alum is required to thicken 
gelatine solutions. 
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The jelly taken was found on analysis to contain 4 07 per 
cent, gelatine ; 1G ozs of the above, m 20 ozs of water, required 
200 grains of a solution of 20° T^vad sulphate of alumina 

Therefore, one ton of size at the above sbiength would requne 
G-| gallons of sulphate of alumina solution at 20° Twad, oi 13 
lbs of commercial sulphate of alumina 

Ten gallons of the size would require 0 57 lb. of sulphate 
of alumina It is important to note that 50 per cent, more 
sulphate of alumina can be added without reducing the thickness 
of the size, and four times the original quantity can be added 
before the size is leduced ro its original consistency. 

The size used for the experiment was a first draught from 
wet hide pieces. It showed a reading of o per cent before the 
addition of the sulphate of alumina, which, is identical with 
the analysis. After the addition of the sulphate of alumina the 
hydrometer read 6 4 pei cent. The addition of the sulphate 
of alumina, therefore, raised the specific giavity enough to cause 
the instrument to lead 1 4 per cent higher, equal to an error of 
28 per cent on the gelatine present. 

We are right, however, m concluding that increase of specific 
giavity pei unit of strength denotes, I think, without exception, 
the presence of some impurity, in which case we should expect to 
find a high ash ; also that a low specific gravity per unit of 
gelatine points m rlie direction of a high-class gelatine and 
freedom from impurities A gelatine of highly gelatinising power 
appears always to exhibit a low specific gravity m solution, and 
with glues of low gelatinising power the opposite is the case. 
Also, the first draughts fiom any raw material, so fai as my 
experiences have gone, are of a lower specific gravity, of higher 
gelatinising power, and almost invariably contain a lower per¬ 
centage of ash than the later ones For size fiom any paibieular 
law material the difference between the peicentage of gelatine by 
specific gravity and the actual peicentage by analysis may be 
taken as a measuie of impurity and quality m making a com¬ 
parison of the value of the different diaaghts, but it can hardly 
he considered comparative when the size solutions under obseiva- 
tion are obtained from any different raw materials 

All this trouble m* regard to taking the stiength of the 
solution can be avoided when air-dried size is used, because a 
given quantity of air-dried size can be weighed out, and after 
immersion in cold water for twelve hours to soften, the sheets can 
be dissolved to any required strength by the addition of hot water. 
The necessary amount of alum and soap can then be added, and 
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there is no difficulty in arriving at the percentage strength of size 
under these circumstances. 

After long experience, some manufacturers of gelatine who 
have made a speciality of this product for the purpose of paper 
manufacture have been able to airive at a product giving the 
necessary amount of penetration and surface, by making it on 
a laige scale and blending the necessary ingredients It is by no 
means an easy matter, on a small scale, to ensure the complete 
removal of lime, grease, and blood m the law materials used. If 
either of these substances remain m the raw material they become 
a part of the size, and very much impair its qualities 

It has been claimed that size is never so good when first 
prepared. Its qualities improve when the water is removed. Air- 
dried size when dissolved again has much better sizing qualities 
than the jelly from which the air-dried size has been originally 
prepared. This gives a decided advantage for air-dried size over 
any class of size prepared and manufactured by the papermakers. 

It is generally admitted that the jelly kept for any length of 
time loses some of its strength, but I have no definite data to go 
upon in support of this contention. 

It is often found necessary to stock a quantity of the jelly, and 
at times it is necessary to keep it m stock for some months. In 
warm weather this jelly is very liable to putrefaction, unless some 
preservative is added Dried sheets of size can, however, be kept 
for any length of time if stored away in a dry room, and these 
sheets are not liable to undergo putrefaction. 

On account of the imperfection m the methods of drying 
tub-sized papers it is important that the size solution should set 
to a jelly at a fauly high temperature The temperature of the 
drying-room should be kept down to the point at which the size 
solidifies The secret of the successful drying of tub-sized papers 
is to arrange the drying so as to keep the whole in the form of 
a jelly, % e . solid, not liquid. If it remains m the interstices of 
the paper m the form of liquid, as the moistuie dries out of it 
this liquid will quickly form a coating round the individual fibres 
instead of filling up the air spaces. If it were possible, the 
whole of the drying should be conducted at a temperatuie only 
a few degrees above the freezing point of water The drying 
should be done by means of cold dry air instead of hot dry 
an The longer the drier the more likelihood there is of this 
being accomplished, with a short drier this is absolutely impossible. 
This is the ideal to be aimed at, but unfortunately it is a long 
way short of practical attainment 
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Size for papermakers must, therefore, to he of any service, be of 
fairly high gelatinising power It is quite impossible to fulfil all 
these conditions in even the best appointed mill, even if paper- 
makers had the latest and most perfect plant at their disposal, 
they still would have a difficulty m making the size which would 
fulfil all the necessary conditions, and it stands to reason that 
they cannot make one of uniform composition on account of 
the irregularity m the quality of the raw materials which they 
buy from time to time. There is a variation from time to time 
m the quality of size made m even the best appointed mill, which 
renders it almost impossible to papermakers to make their own 
size, and to ensure absolute regularity m the sizing qualities of 
their paper 

It must not be assumed that because the paper contains, say, 
for example, G per cent of size, that it is necessarily hard-sized 
and impervious to ink. I have myself tested a paper and found 
as much as 9 per cent of size, when the paper had been rejected 
as soft-sized and not bearing the ink test This was due to the 
quality of the size used and the way it had been applied to the 
paper. 

If the quality of the size can be kept uniform, as it can by the 
use of air-dried size of a foiown standaul , these difficulties should 
not occur. 

The tendency of the present age is to specialise and to give up 
the subsidiaiy industries, as it is found in the state of present 
competition that it no longei pays for a manufacturer to attempt 
to make everything for himself. 

Take the case of wood pulp The papermakers of this country 
no longer make their own wood pulp, but are supplied from those 
countries where the wood is available and where it can be converted 
at a comparatively low cost. They take the pulp already prepared 
for their use 

The manufacture of soap, which at one time was an ordinary 
household operation, is now manufactured on an enormous scale, 
and specialised m different grades , and even the manufacture of 
rosm size, which is a comparatively simple opeiation as compared 
with that of size, is now being discontinued by many paper- 
makeis, who find it better and cheaper to let those who have made 
it a special study make it for them 

The same argument might apply m regard to the manu¬ 
facture of ultramarine, pearl hardening, and other products used 
m the manufacture of paper As far as I can gather, on the 
Continent practically the whole of the manufacturers have 
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discontinued the manufacture of size, finding it better and safer 
to purchase air-dried size specially prepared for their purpose, and 
I do not think the tune is far distant when all the papermakers 
m this country will realise that it will no longer pay them to 
produce size foi then own use, and that the manufacturers who 
have made a special study of the prepaiation of size for the 
use of papermakers can give them better lesults than anything 
they can do for themselves 

There is a great deal of difference between the amount of size 
required to give the propei mk-beaimg qualities. One size will 
do as much with 2 per cent as another will do with 5 pei cent 
All these pomts have to be carefully weighed and taken into 
consideration when arriving at the value of any size for the 
purpose of paper sizing 

In order to study the effect of different classes of animal size 
upon wateileaf paper, a number of different materials were 
selected, and among them some of the best known brands of 
gelatine m the market Solutions were made from each ; of such 
strength that a gallon of each contained an equal value of the 
gelatine Three sheets of waterleaf paper were separately weighed 
and dipped into each of the solutions, kept at the proper tempera¬ 
ture of the sizing trough. They weie then weighed after drying 
down. The difference between the first and second weighings 
gives the amount of gelatine solution taken up by the paper The 
difference between the weight of the waterleaf and the weight 
when dried down, gives the dry weight of the gelatine taken up by 
the paper. The papers, after removal fiom the hot size, aie 
passed through a pair of squeezing rolls, to imitate, as near as 
possible, the large scale of working. Fiona the weight after 
drying down, the percentage of size m the sized paper can be 
calculated in each case. It will be seen from the tables that theie 
is a wonderful regularity (with a few exceptions) m the amount of 
gelatine retamed in each series The amount of gelatine retained 
by each paper after sizing is dependent upon the concentration of 
the sizing solution One thmg was established by these and 
other similar trials, and that is, that the finer grade gelatines aie 
cheaper m the end. The sizing effect of any gelatine is chiefly 
dependent upon the “ gelatinising power ” of the gelatine. Sup¬ 
posing that we have a number of gelatines and prepare a 5 per 
cent, solution of each, and allow them all to set to a jelly, and 
leave them at least 24 hours after setting ; the gelatine which 
yields the firmest jelly is the best sizing agent A comparison 
of these jelhes is really a comparison of the gelatinising powers 
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of the gelatines Supposing, now, that we adjust the strength of 
the solutions m such a way that the jellies from each have the 
same degree of firmness. Each of these jellies will have the same 
sizing value, or appiosimately so, and if the price of each gelatine 
be known, it is easy to get some idea of their relative value 
for papermakmg—which of them is the cheapest for sizing I 
have taken a number of gelatines m this way, and, generally 
speaking, the highest graders the cheapest m the end 

Paper* sized with Deetebent Gelatines. 


j 

No 

V aterleaf 

c izeJ 

100 parts 
become 

Mean 

percentage 
oi size 

A 1 

1 

1442 I 

1574 

109 15 



2 , 

148S ! 

1 56S 

109 04 j 


, 

8 

1426 * 

1 546 

108 40 ( 

8 34 

B i 

4 

1433 1 

1566 

109 30 


, 

5 

1 469 

1 602 

109 06 


‘ 

G 1 

1450 

1 5S2 

109 10 

8 39 

C 1 

7 

1456 

1 5S6 

108 93 



8 , 

1439 

1 569 

109 05 



9 ; 

1410 

1 537 

109 00 

8 2b 

D 

10 

1428 

1 596 

111 71 



1! 

1424 

1 591 

11173 



12 

142S 

1 596 

111 76 

10 57 

E 1 

13 i 

1440 

1 603 

111 32 



14 1 

1 460 

1643 

112 53 



15 1 

1 466 

1 636 

111 60 

! 10 28 


16 

1463 

1 60S 

109 91 

i 


i 

1 462 

1 607 

109 92 


! 

1 IS 

1460 

1 599 

109 59 , 

! 8 93 

G 

i 19 

1478 

1643 

112 22 



20 

1460 

1 626 

111 37 



21 

1457 

1 623 

11139 

10 22 

H 

22 

1447 

1 575 

108 84 



23 

1 450 

1 577 

108 75 



24 j 

1444 

1 563 

10S 55 

8 01 

I 

25 

1451 

1 537 

105 93 



26 

1452 

1 540 

, 106 03 



27 

1454 

1 543 

i 

; 10612 

5 68 


It is a well-known fact that it is easier to size hand-made 
papers hard than machine-made papers. Perhaps it would be 
truer to say that it is easier to size hard m a single sheet than 
m the web After discovering by the foregoing trials which 
gelatine was best adapted for sizing, I endeavoured to det< mine, 
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by a series of expenments, in which. I used diminishing strengths 
of gelatine solutions, what limit could be attained with single¬ 
sheet sizing without destroying the sizing effect These lesults 
are given m the following table Down to Nos 38 and 39 
the hard sizing was certainly maintained In Nos 40 and 41 it 
appeared to be very slightly deficient, and m No 42, although m 
some respects it might be considered hard-sized, it was decidedly 
lower than No. 41 — 

TUB-SlZING 1ST THE SHEET TVITH DIMINISHING Qu^NTITILS OF GELATINE 



j No 

Weight of 
Ttaterleaf 

Weight 
when sized 

100 of 
waterleaf 
become 

Per cent 
of gelatine 
m paper 

Per cent 
of gelatine 
m sizing 
solution 

K 

2S 

1 4SS 

| 1 584 

106 46 


4 030 


29 

1495 

1598 

106 88 

0 25 

4 030 

L 

30 

1500 

1 596 

106 40 


3 788 


31 

1 4S4 

1 584 

106 74 

6 17 

3 788 

31 

32 

1462 

1 548 

105 81 


3 561 


j 33 | 

1471 

1585 

107 75 

5 49 

3 561 

X 

; 34 ' 

1462 

1 550 

306 10 


3 327 


35 [ 

1 469 

1552 

105 65 

5 54 

3 327 

0 

33 ! 

1 45S 

1 528 

104 80 


3 127 


37 . 

1472 

1 555 

105 63 

5 32 

3 127 

p 

38 1 

1 479 

1553 

105 00 


2 940 


39 

1 462 j 

1 538 

105 20 

4 85 

2 940 

Q 

40 

1 487 , 

1 obO 

104 90 


2 764 

41 

1 485 i 

1 553 

104 60 

4 52 

2 764 

u 

42 1 

1 503 

i 

1 56b 

103 55 

3 43 

2 598 


After severe testing I came to the conclusion that No 39 was 
quite equal m mk-hearmg power to No 1. From this I conclude 
that there is no advantage to be got by the use of a solution 
containing more than 5 per cent of gelatine of this class. 

If very great care is exercised m the treatment, I believe that 
a lower strength still would suffice The first diaughts from these 
gave the highest results I succeeded m producing a thoroughly 
hard-sized paper with a minimum of gelatine These first draughts 
gave also the highest gelatinising power. 

To justify the opinions and conclusions expressed m this 
article, certain information no longer available m consequence of 
the publications m which this information was first made public 
being out of prmt, has been drawn upon. For instance, the 
information contained m an article on “The Influence of 




Impurities upon the Specific Gravities of Gelatine Solutions, ’ 
from the Paper Maker, and an article on “ Animal Sizing,” 
which appeared m the Paper Maker of March, 1896 The 
conclusions I feel are fully justified, namely, that papermakers 
can no longer conduct the manufacture of size m competition 
with those who make it their special business, and who are able to 
conduct it on a large scale and so ensure regularity and uniformity. 
It is evident that we experience the great difficulty of not being 
able to gauge correctly the strength of our solution by means of a 
glass, whereas this does not occur with solutions prepaied for air- 
dned sheets. And, further, I would repeat the papermaker does 
not buy m sufficient quantity and a sufficient diversity of raw 
material to enable him to endow the size with all the necessary 
qualities to meet all the requnements for tub-sizing 
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THE PAPERMAKING EXAMINATION. 

1901 

The City and Guilds of London Institute’s Examination on 
66 Paper Manufacture ” took place on May 1st, and the following 
are the instructions to candidates and the questions set 

INSTRUCTIONS 

The candidate must confine himself to one grade only, the 
ordinary or honours, and must state at the top of his paper of 
answers which grade he has selected. He must not answer ques¬ 
tions m more than one grade 

If he has already passed m this subject, m the first class of 
the ordmaiy grade, he must select his questions from those of the 
honours grade 

The number of the question must be placed before the answer 
in the worked paper 

Tin ee hours alloived for this papet . 

The maximum number of marks obtainable is affixed to each 
question 

N B —Candidates are cautioned to avoid giving in their answers 
to the follow mg questions any particulars of piocesses used m the 
ivoilcs in which they are employed ivhich are not matters of public 
hnoidedge . 

Ordinary Grade. 

Not more than nine questions to be attempted. 

1. How do you measure the thickness of a paper ? Estimate 
the thickness of a book of 240 pages made of a paper of thickness 
0 054 millimetre. Express the result m terms of the inch. 
(20 mao Jc-s.) 

2. What instructions would you give to the beaterman for the 
preparation of a superfine blue writing paper ? How would you 
manipulate the vanous parts of the machine to impart the desired 



characteristics to such a paper g State also what steps you would 
take to prevent the colour from fading when m contact with the 
animal size, (jo) 

3 How aie the following fibres detected m a papei Jute, 
esparto (cellulose;, mechanical wood ? How would you estimate 
the quantity ot each when in admixture with rag fibre only ? 

(jo) 

4 What are the advantages, if any, possessed by plate-glazed 

papers as compared with those finished on the supercalender ? 
What precautions would you take to prevent variations in colour 
when friction-glazing soft-sized pmk printing paper ? (20 ) 

5 A delivery of pulp of 1,760 bales, unbleached sulphite, with 
12 per cent moisture (allowed) is to be sampled and the moisture 
determined. Give exact particulais of the test and the form m 
which the resnlt is expressed {20 ) 

6 Suppose a machme so fitted that the wire frame can be 
raised or lowered from the breast roll as desired, what variations 
fiom the level would you make when running the following 
giades (1) Strong rag cartridges, (2) news, (3) fine printings, 
(4) blottmgs, (3) thin sulphite caps ? State your reasons m each 
case ( 25 ) 

7 State exactly how you would treat foi conversion into half¬ 
stuff, new cotton pieces, new linens (grey), Manilla ropes, and 
broke from tub-sized writings (30 ) 

8 What materials would you use for the production of 
(1) news, (2) fine writings, (3) E S printings, (4) blottmgs 5 
State the proportions of each material you would consider neces¬ 
sary to give good results (25 ) 

9 Define specific giavity What is the weight of 7 gallons 

of a solution of 11° Tw ? Taking specific gravity of cellulose 
equal 1 50 and of chma clay equal 2 75, what is the exact effect 
of 20 per cent loadmg on the specific weight of a paper ? ( 20 ) 

10 State the type of beating engine yon would adopt for the 
preparation of stock for (l) stiong book papers, (2) esparto 
printings, (3) blottmgs, (4) sulphite casings Give also the 
horse-power lequired for a four-hundredweight beater m each 
case, and the amount of coal necessary to make and dry one ton 
of each grade on the machine (j?c>.) 

11 What are the waste products from a rag mill (fine 
writings) ; an esparto mill (fine printings) , a soda wood (naif- 
stuff), and sulphate wood (half-stuff) ? Which of these are 
treated for xecovery of useful products, and what are final wastes ? 

uo) 
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12 Descube the method of imparting a “water finish,” and 
discuss the merits of water-finished as compared with super- 
ealendeied paper (20 ) 

13. What systems aie used m practice for dealing with the 
fibres which find then way into the various waste waters of the 
null ( 25 ) 


Honours Grade. 

Not more than nuie questions to be attempted 

1 Examine very caiefully and m a11 respects the position of 
espaito as against wood celluloses Forecast then futuie relative 
positions m this country, and give your opinion as to how far this 
depends upon puce, and how fax on mtimsic papermakmg quality 
(jo marled ) 

2 How would you equip a mill to turn out 100 tons of news 
and 50 tons of E S writings per week ? Give your reasons for 
the adoption of any special appliances, (jo ) 

3 State what you know of the systems foi wood pulp manu¬ 
facture known as the “Drewsen Dicenfeldt” processes, and 
discuss the advantages claimed. (20 ) 

4. How many tons of coal would you expect to use per week 
m the mill referred to in Question 2 ? State the propoition you 
would use m each depaitment, assuming that the motive power is 
steam throughout {25 ) 

5 You are given an unknown fibrous material, and are 
required to determine its suitability as a raw matenal for paper¬ 
making . state exactly how you would do this, and on what mam 
points >ou would base your estimate of value (23 ) 

C. In what depaitments, if any, of the mill do you consider 
that the electric motor can be successfully substituted for the 
steam engine ? State youi reasons fully (25 ) 

7 What do you consider the special requirements of papers 
foi (1) parchmentismg, (2) converting into nitrocellulose, (3) 
quantitative chemical work (filter papers), (4) for making papei 
bowls, (5) for litho and general fine printing, (6) for cartridges, 
(7) for water-colour drawings, (8) for cable insulation ? In each 
case state the composition of half stuff you would take in making 
the paper. (23 ) 

8. Given 10 tons of Spanish esparto of an average quality, 
how would you proceed to make an “ art ” paper such as is used 
for high-class magazine work ? State fully the practical details 
to be observed m each of the various processes from the duster to 



the finishing house, giving a tabulated statement of the duration 
of each process, and the percentage of the various chemicals, 
including loading and sizing, also the amount of finished papei 
you would expect to produce (30 ) 

0 Examine thoioughly the question of engine-sizing with 
losm and alum G-ive youx view of the mode of action of the 
size, Loth m the engine and m the papei. Give practical re¬ 
commendations for preparing and using the rosm size {23 ) 
in State youi opinion of the ments of Annandale’s improve¬ 
ment m the machine for the imparting of “ hand-made ” cliarac- 
tenstics to the web 111 process of formation on the wire Discuss 
the difficulties m the way ot its successful adoption, and state 111 
which class of paper yon consider it will give the best results. (13 ) 

11 Let A= the area of a sheet of puie cellulose papei in 

square centimetres 

T = thickness of a sheet m teirns of centimetres. 

S = specific giavity of cellulose 
W = the weight of the sheet m grammes. 

W 

What do you take to be the meaning of the expressions and 
^ T 1 

— g and how would you bring the quantities so represented 

into practical use in the mill (23 ) 

12 What instructions would you give to the breaker-man m 
regard to the washing, breaking m, and bleaching of (1) Manilla 
lopes for stiong cartudge paper, (2) soft cottons for snpeifine 
printings, (3) linen thread for bond papeis ? Give the percentage 
of bleaching powder you would expect to use in such case (23 ) 

13 Give a method for rapidly analysing the machine back¬ 
water with regard to suspended fibrous matter and sulphate of 
alumina (m solution) Describe any modern appliances you 
know for sepaiatmg suspended fibies fiom waste waters, ( 23 .) 



IV. 

CITY AND GUILDS OF LONDON INSTITUTE. 

EXAMINATION ON PAPER MANUFACTURE. 

1902. 

Thi^ examination took place on Saturday, April 26bli, from 2 30 to 
(> 3o pm, when the following questions were set. We have 
ananged with Mi Clayton Beadle to answer these m the same 
way as he answered last year’s questions, and non-subscribers are 
requested to apply early for copies of the issues containing these 
answers, as only a limited number of spare copies will be 
available 

Instructions 

The candidate must confine himself to one grade only, the 
Ordinary oi Honours, and must state at the top of Ins paper 
of answers which grade he has selected He must not answer 
questions m more than one grade 

If he has already passed m this subject m the first class of 
the Ordinary Grade, lie must select his questions from those of 
the Honours Grade 

The number of the question must he placed before the answer 
m the worked paper. 

Tluee hows allowed for this papei . 

The maximum number of maiks obtainable is affixed to each 
question 

N B —Candidates cu e cautioned to avoid giving m their answers 
to the foiloi(- mg questions any partmdars of processes used m the 
noils in which they aie employed ivhich aie not matters of public 
Inowledge 

Ordinary Grade 

Not more than nine questions to be attempted 

1 In boiling rags with caustic soda, what are the principles 
which regulate the conditions of treatment, viz. chiefly Proportion 



of soda and of total liquor to rags, temperatuie, and time of 
boiling What information as to "piogiess of the tieatment is 
furnished by analysis of liquor ? (30 nbnlcs ) 

2 What are the chaiacteristics most desnable m papeis for 
(1) photograph mounts, (2) typewriting, (3) ledgers, (4) school 
books (illustrated m eolouis) 5 Give the furnish you consider 
most suitable, and state the precautions you would adopt tosecuie 
the best results (23 ) 

3 What instruments aie used m the mill to measure (1) tem¬ 
perature, (2) proportion of moistuie in the am, (3) specific gravity, 
(4) weight and thickness of papers ? State briefly what you 
know of the uses of such measurements (30 ) 

4 Give a concise description of (1) Lowden’s Steam Regu¬ 
lator, (2) the Marshall Tiam, and discuss the advantages claimed 
m each case ( 23 *) 

0 . In boiling Spanish espaito, how much caustic soda would 
you use per ton of grass, and at what dilution ? State the lattei 
as percentage (3sTaOH) on the liquoi, and fiom this the (approxi¬ 
mate) number of gallons pei ton At the conclusion of the 
boiling, how v ould you estimate the addition to volume of liquor 
due to condensation of steam ? (20 j 

G. What style of damper do you considei most suitable foi 
damping (1) super-calendered printings, (2) imitation parchments, 
(3) glazed casings, (4) soft-sized friction-glazed printings 2 Give 
practical details to be observed m damping each of the papeis 
named. ( 20 ) 

7 State what you know of the composition of bleaching 

powder and the bleaching action of the hypochlorites How 
would you carry out the bleaching of half-stuff so as to provide 
for an intermediate washing of the pulp ? What are the advan¬ 
tages of so doing ? {23 ) 

8 State fully the treatment you would adopt to impart to a 
strong book paper the charactenstics of a handmade sheet Give 
furnish you would use, with proportions of boiling and bleaching 
liquors; the duration of treatment m each department, and 
reasons for the adoption of any special appliances (30 ) 

0 What compounds of cellulose are soluble m water, and how 
aie they prepared ? Which of these are used m papermaking, 
and what aie the special effects they produce ? (23 ) 

10 Describe Cornett’s system of handling and treating 
esparto, and discuss its merits compared with any other system 
you are acquainted with. (.23 ) 

11. What materials are used— 



(7 1 ) For weighting 01 loading papers m the engine ? 

(£) For surfacing or coating ? 

(r) For colouring (m the beater) red, blue, yellow, and black ? 
(Mention one pigment and one soluble dye m each case ) (< 25 .) 

12 . What precautions would you take to prevent froth and 
air bubbles when making thin printings at a fast speed, with a 
furnish of 30 per cent, broke and 70 pei cent, esparto (20 ) 

Hoxorns Gba.de 

Not mote than nine questions to be attempted 

1 . Permanganate of potassium is used as a bleaching agent m 
neutral solution How does it break up, and what fuitkei treat¬ 
ment of a pulp would be lequired to eliminate the products of 
decomposition ? Compare approximately the cost of this bleach 
at £30 pei ton foi KMn0 4 , with that by bleaching powder of 
35 5 pei cent “available Cl” at £G 10s per ton (25 marls ) 

2 Which variety of wood fibie do you consider most suited 
to blend with ( 1 ) linen rags for typewriting papers, ( 2 ) espaito 
foi fine puntings, ( 3 ) soft cottons for blottmgs, ( 1 ) Manilla ropes 
for cartridge papers ? State the treatment you would adopt for 
the preparation of the various wood pulps from the raw materials, 
and give data for boiling, washing, and bleaching, also composi¬ 
tion of boiling and bleaching liquors, with the yield of pulp you 
would expect fiom 10 tons of raw wood ( 30 ) 

3 Discuss fully the question of economy m boiling rags with 

caustic soda By what chemical tests would you control the 
operation and fix the best conditions m paitieular cases ? (25 ) 

4 State your opinion regarding the use of exhaust steam from 
the machine engine, for heating the diymg cylmdeis, and com¬ 
pare the method with that of employing a condensing engine and 
drying with high-pressuie steam Show how you arrive at the 
steam consumption for each method (30 ) 

5 What are the average limits of thickness of writing papers ? 
For a given mean thickness, calculate the weight per square 
metre of paper of 50 per cent “ cellulose density ” (« e equal 
volumes fibie substance and an space) Taking a breaking 
length of 7,500 m., what maximum weight will the paper support 
per 1 c m of breadth ? (Take the sp. gr. of cellulose at 1 5 ) 
(V ) 

G. Describe the plant you would put down to recover and 
causticise the soda m the liquors from the boiling and washing 
of 100 tons of esparto per week State the approximate number 
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of gallons per boiler, the percentage of soda you would expect to 
lecovei, and the cost for labour, lime, and coal, per ton of soda 
lecoveied. (25 ) 

7 Discuss fully the conditions of penetration of papeis by 

size solutions in tub-sizing How would you vaiy these con¬ 
ditions, including the composition of the size, to produce the best 
effects 2 How would you investigate the papei to ascertain the 
distribution of the size and the sizing effect 5 {20 ) 

8 State fully how you would handle the beating tackle when 

beating the pulp foi tne papeis mentioned m Question 2 What 
special methods would you adopt to secure that the wood fibres 
would be so blended as to prevent the finished sheet fiom having 
a “ woody 5 appearance 2 {20 ) 

9 State what you know of the hydiated modifications of cellu¬ 
lose, and their functions m the papermaking process. "What 
special effects are obtained by these hydrates chemically prepared. 
( 2 S ) 

10 "Wherein lie the advantages of the multiple effect evapo¬ 
rator and the rotaiy furnace 0 State what you know of the 
practical working of each, and compaie them with the Ponon 
system as to the efficiency and cost of maintenance (20 ) 

11. Give briefly a full scheme for the analysis and testing of 
writing and book papers. Give also a selection of these tests for 
rabidly determining the mam featuies of composition (25 ) 

12. Schedule the proportions of chemicals you would use m 
boiling and bleaching (1) Manilla lopes, for strong caitudges ; 
(2) flax waste, foi caps ; (3) unbleached cottons, fox loan papers ; 
(4) jute, for casings ; (5) muslins, foi blottmgs State tempera¬ 
ture, pressure, and duration of boiling, together with any special 
modifications you consider advantageous. (30 ) 



V. 

CITY AND GUILDS OF LONDON INSTITUTE. 
EXAMINATION ON PAPER MANUFACTURE 

11)03 

The City and Guilds of London Institute s Examination on the 
Manufaetuie of Paper was held on May 1 st, and the following were 
the questions set The insti uctions were the same as m former 
years. 

Ordiktaby Grade 

1 . Describe the structural features of straw and espaitoand of 
the fibres of their respective half-stuffs What are the average 
dimensions and structural fcatuies of cotton and linen (flax) 
when fully beaten ? (23 mat 1$ ) 

2 What advantages are gained by using bronze m place of 
steel for beater bars and plates ? State the materials m the pre¬ 
paration of which you would expect to secure the best results from 
the use of bronze. ( 20 ) 

3 Mention the various foims of wood pulps, with their more 

particular uses. Give a short account of their preparation from 
the original woods. What do you understand by a “strong 
sulphite pulp,” and how would you determine whether a given 
sample conforms with this description ? ( 25 .) 

4 Describe the conditions which give rise to “ blowing ” 111 
front of the first press rolls, and state the precautions you would 
take to prevent it when making thin paper on a close-textured 
wet felt ( 20 ) 

5 With bleaching powder of 35 5 per cent. “ available 
chlorine ” at £4 15s a ton, calculate the value of the “ chlorine ” 
per pound and per kilo A waste bleach liquor is tested, and 
found to contain 0*01 gramme “chlorine” per 100 cc. ; what 
quantity does this represent on 963 gallons of the liquor ? 
Calculate the quantity of sulphite antiehlor—NaoSoNlDO—re¬ 
quired to neutralise (23 ) 
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G. What advantages, if any, are obtained by running esparto 
over the presse-pate previously to bleaching ? (23 ) 

7 What do you understand by ( a ) a neutral, and ( b ) an acid 
rosm size ? Give working particulars foi preparing and using 
them What is an average dilution of the rosm size m the 
beater, and how is the rosm compound affected by the dilution ? 
(3°) 

8 Which type of refining engine would you put down to 
supplement the beating power for the preparation of stock for 
(1) esparto printings, (2) news, (3) typewriting papers, (4) glazed 
casings ? Give yonr reasons for the adoption of any particular 
type, and state what mciease m the production you would expect 
to obtain (30 ) 

0 A water is found to contain— 

Giams pei Gallon 


Lime 112 

Magnesia 8 U 

Sulphuric anhydiide S <> 

Carbonic anhydride (expelled on boiling) 13 2 


Eypiess these lesults as u parts per 100 , 000 /’ and give the 
chemical f 01 mulm foi the constituents What chemicals would 
be required to soften this watei " (20 ) 

10 Give a brief description of Bertram’s vacuum ejector, and 

discuss its merits compared with the ordmaiy vacuum pumps for 
extracting the watei fiom the paper m its passage ovei the wire 
What saving m power would you expect to obtain when using 
the ejector ? (23 ) 

11 Give a brief account of the substances represented by the 
following formuke, and descube their ordinary commercial 
foims—NaOH, Nb 2 CO u NaHCO -f OaO, CaS0 4 , Ca(OCl) 2 , AUS0 4 
State what you know of the composition of ultramarine, smalts 
and china clay, casein and gelatine (30 ) 

12 State the practical details you would observe when making 
a thick ehromo papei, so as to ensure freedom from stretch and 
dusting m printing (23 ) 

Honours Grade 

1. With Spanish esparto at £4 15s. a ton f o.r. trace the 
increments of cost of the cellulose thiough the seveial stages of 
preparation up to the stuff chest (23 marks ) 

2 Draw up a scheme for the production of the follow mg 
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papers, showing the propoitions of the various materials you 
would use, and their appioximate cost pei ton of finished paper— 
(1) Fine writings at per pound, (2) E S printings at 2\d 
per pound, (3) news at 1 \d per pound, (4) M G. caps at l| : d. 
per pound. State the aveiage cost of production m each case 
(jo ) 

3 Write a short general account of rosm sizing, dealing par¬ 
ticularly with the following points (a) Propoition of soda to 
losm, (Z>) effect of dilution before adding to the beater, and m 
the beater, (c) haid and soft wateis and use of back-water m the 
beater, (d) auxiliary action of colloidal alumina, starch, and 
cellulose, (e) thm and thick papers, (/) “ wet ” and “ free ” 
running on the machine (25 ) 

4 State your ideas as to the future of electricity as a motive 
power m the paper null, and describe what you know of its appli¬ 
cation at the present time ( 2 s ) 

3 What tests can be applied to stuff m the heater to follow 
the progress of beating ? Sketch a plan of systematic lecords m 
regard to the preparation of the stuff How can the beating be 
influenced by chemical means ? (25 ) 

G How would yon proceed to produce a “ feather weight ” 
printing at 2 \d pei pound ? Schedule the materials you would 
use, and the practical details you would obseive m the manufac¬ 
ture, m order to impart the desired chaiactenstics to the finished 
sheet ( 23 ) 

7 Give a general account of hard and soft waters m relation 
to (a) steam raising, (3) the papermaking processes. A water 
contains, per 100,000 pts ,— 

0aCO 3 (as bicarbonate) 18 5 

MgS0 4 . . . . .. 0*4 

Calculate the chemicals required to soften per 1,000 gallons, and 
show the advantages of using the softened water m the case of an 
esparto mill (30 ) 

8. What do you know of the requirements of an “ imitation 
art ” ? Give an appioximate furnish for this grade of paper at 
21 d. per pound, and state how you would treat it m the various 
piocesses from the wet end to the cutter m order to get the best 
results (20 ) 

9. Criticise the expression 64 breaking length ” of papers, and 
show where it fails as a comparison of actual breaking strains 
What do you propose m its place ? Propose such tests of 
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opacity ” and surface ” or finish as admit of numerical records 

( 2 S ) 

10 Describe how you would proceed to conveit 10 tons of 
jute bagging into a strong cartridge paper, and schedule the 
duration of each stage, with the percentage of chemicals, steam 
pressure and tempeiature of bleaching solution State how you 
would prevent chlorination of the fibres, when obtaining as white 
a colour as possible, consistent with retaining the strength and the 
yield of finished paper you would expect to obtain {25 ) 

11. Give a classification of raw fibrous materials and com¬ 
mercial half-stuffs, (1) according to chemical characteristics, 
(2) according to the mam types of paper which they are used to 
produce ( 25 ) 

12 Whether do you consider it to be more economical, to 
supplement the steam* laismg plant by installing a forced draught 
apparatus with mechanical stoking, or by adding an additional 
boiler and firing by hand ? State which type of forced draught 
and mechanical stoker you consider most efficient (25 ) 



CITY AND GUILDS OF LONDON INSTITUTE 

PAPERM AKIN0 EXAMINATION 
1904. 

The following aie the questions set in the' examination on paper 
manufacture, held on April 30th .— 

Ordinary Geade 

1 What is the volume of a ton of v ater 5 Give an approximate 

estimate of the dimensions of a reel of newspaper weighing 250 
kilos What is the thickness of a cigarette paper, and the 
approximate weight pei square metre •> (25 mcalcs.) 

2 What dyes would yon use for the production of the following 
papers genanium red, canary yellow, fast blue ? State the pie- 
cautions you would adopt to produce the best lesults, most 
economically, m each case (25 ) 

J. Specify furnish for (a) best white blottings, (&) biscuit 
caps, (c) cnfcleiy wrapping. Contrast the details of pieparation of 
the stuff m lelation to the particular qualities. (^5.) 

4. State the materials you consider most suitable for the 
production of a buff copying, and give a brief outline as to how 
you would treat them so as to give the desired characteristics 
to the finished sheet (25 ) 

5. Write a short account of the water-soluble compounds of 
cellulose (23 ) 

G. How would you manipulate the various parts of the paper- 
making machine m older to produce a fine printing, the under side 
of which would he, as nearly as possible, as smooth as the top 
side ? [20 ) 

7. Specify composition of normal papers {a) for documents of 
permanent value, (b) foi book papers Explain the defects m 
chemical composition to he avoided. (25) 

8. State the characteristics most desirable m a “ body ” papei 
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for surface enamelliug Gi^e the proportions of the materials 
you would use, and state how you would handle the beating 
tackle (jo ) 

0 Give practical details for making, storing, distributing, and 
using bleached liquor m the mill. State what you know of the 
chemistry of bleaching powder, and the bleaching action of its 
solution (25 ) 

10. Describe briefly Marshall’s patent drive for the paper¬ 
making machine, and state the advantages you consider to be 
gained by its adoption (20 ) 

11 What are die special chemical and physical features of (a) 

chemical filter papers, ( l) blot tings, (c) grease-pioof, ( d) paper for 
protecting photographic films and plates, ( e ) paper for wrapping 
cutlery and plate, (/) cable papers ? How would you test each m 
legarcl to special use ? (2j ) 

12 What advantages are to be gamed by covering steam pipes 
with non-conducting material ? Give an estimate of the saving 
which may be effected m a modern two-machine mill m winch a 
complete system of covering is adopted (jo.) 

Honours Grade 

1 Examine critically the efficiency of a beating engine, both as 
to economy of power and control of the range of effects required 
in the preparation of an esparto furnish (jo mm Jcs ) 

2 Discuss the question of rope vet svs belt driving for the 
paper mill machmeiy (20 ) 

3 How would you investigate the effects of calendering upon 
the physical propeities of papers ? Show in what respects the 
ordinary methods of papei testing fail to exhaust the problems 
involved (2J ) 

4 . How would you proceed to ensure accurate register if, on 

st artmg to make an E S writing, the distance between the water¬ 
marks was an eighth of an inch too small ? (20 ) 

5. What are the limitations of wood pulp (cellulose) m regard 

to papermaking effects ? How far is this due to structural and 
chemical features of the cellulose, and how far to deficiencies m 
treatment m the mill ? (2J ) 

6 What plan would you adopt to guard against excess of soda 
when supplementing causticised soda liquor with 77 per cent 
alkali m boiling esparto ? (25.) 

7. In colonnng or dyeing papers m the engine, what causes 
affect the permanence of the effect ? How would you examine 



dyed papers in regard to the quality of fastness ? Specify for 
a" fast medium blue, red, yellow, and brown, on pure cellulose 
papers ( 25 ) 

8 State your opinion regarding the adoption of gas for motive 
power m the paper mill, and describe any gas-producing system 
with which yon aie acquainted (25 ) 

0 . What aie the mam causes of the deterioration of book 
papeis ? Give a chemical account of the effects referred to and 
then specific canses (25 .) 

10 What are the special requirements most desirable m a 
paper for photographic prints ? Draw up a scheme for the 
pioduction of such a paper to sell at Gd per lb, stating the 
mateiials you would use and the precautions you would adopt to 
ensure the best results (30 ) 

11 State what happens when a drop of iron gallo-tannic ink 

diffuses into a blotting paper. What use would you make of your 
obseivations m comparing the qualities of blottmgs and con¬ 
trolling the process of manufacture ? (25 ) 

12 How would you manipulate the various parts of the 

machine when making “ news ” at a high speed, so as to produce 
large equal-bulking reels, free from breaks ? (25 ) 



VII. 

PAPERM AKERS AND TECHNOLOGY. 
EXAMINATION PAPERS 
1905 

The examination m paper manufacturer of students attending 
technical classes, under the auspices of the City and Guilds of 
London Institute, was held on April 20th. The following were 
the questions — 


Ordinary Grade. 

Xot more than eight questions should he attempted . 

1. Mention three systems of making straw into half-stuff. 
Give a brief outline of the processes. ( 20 metrics ) 

2 Describe briefly the action of a Kollergang, and discuss the 
limits of its usefulness as a substitute for the beating engine when 
woiked in conjunction with a refining engine (jo ) 

3 The following data are obtained in testing a paper * 
Weight per square metie, 34 2 grm. ; thickness, 0 07 millimetre , 
breaking length, machine direction, 5,473 meties ; cross direction, 
3,724meties Calculate specific gravity and mean breaking strain 
per square mm section, (30 ) 

4 Discuss the relative merits of paper, cotton, and woollen- 
paper for covering calender bowls. (. 20 .) 

5 What is the influence of iron oxide on the durability of 

paper ? How would you show its presence, and how would you 
trace the source or sources from which it is derived ? (50.) 

6 What advantages are to be gained by the use of rubber- 

covered bottom press rolls ? (20 ) 

7. Trace the relations m the quantity of water to (per 100 
kilos ) bleached esparto pulp (calculated as “ dry ”) from the 
time it enters the beaters until it reaches (as paper) the last of the 
drying cylinders of the machine (30 ) 
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8 State the precautions you would adopt to prevent frothing 
when working a large proportion of an aniline dye, such as cotton 
scarlet. How would you ensure complete exhaustion, and a clean 
hack-water ? (25 ) 

0 What cellulose would you select foi making papers with 
legard to the following particular characters respectively * 
Stiength, bulk, opacity, transparency, purity ? Can any of these 
qualities be varied by chemical treatment ? If so, how ? (25.) 

10 Describe the type of stramei you consider the most suit¬ 
able for the production of (1) rag papers, (2) espaifco papers, 
(d) wood pulp papers (25 .) 

11 What is a thermometer, hydrometer, hygiometer ? What 

aie the practical uses of these instruments m a mill ? (-25 ) 

12 What saving m coal would you expect to result from 

feed water at 180° Fahr , as compared with G0° Fahr , the in¬ 
creased temperature being obtained from the use of the waste 
steam from the machine cylinders 9 ( 30 ) 

Hoxouns GtEadk 

Xot nioie than eight questions, or five questions and one essay, 
to be attempted 

1 . How would you proceed to investigate the ratio of sizing 
effect to quantity of sizing agent used m the case of ( g ) engine 
sizing (rosm), ( l ) tub sizing (gelatine) ? (25 mailcs ) 

2 Describe Masson’s patent bleaching tower, and discuss its 
merits as fully as you can. (20 ) 

o . Give woikmg paiticulars, with quantitative details of three 
methods of preparing half-stuff from straw Show how you 
would estimate the costs of the half-stuffs m each case. (25 ) 

4. Discuss the relative merits of Spanish and Afucan esparto, 
and state fully the peicentage of chemicals and the duration of 
treatment necessary to produce a well-boiled pulp of good colour 
m each case. ( 30 .) 

o How would you make a paper to contain (a) one gram of 
calcium carbonate per square metre (surface measure), (V) per 
100 cubic centimetres (volume measure) ? How much paper 
in each case would be required to neutralise 17 c.c. normal 
HC1? (*jr.) 

6 . Describe any one of the various forms of kneaders you 
are acquainted with, and discuss the limits of its usefulness in 
the treatment of paper stock. (20.) 
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7. Describe three methods of estimating mechanical wood 
pulp m papers (23 ) 

8 Describe Parson’s steam turbine, and give an outline of 
its possibilities as a motive power m the paper mill (30 ) 

0 From what you know of the ultimate structuie of esparto 
cellulose, calculate the average number of fibres per 1 c c of a 
printing paper containing, m addition, 22 per cent of china clay 
(.specific gravity 2 83). (23 j 

10 State what, in your opinion, aie the most impoitant de¬ 
velopments m papei making machmeiy during the past year (23 ) 

11 How would you investigate coloured papers (a) for lesist- 

ance to light, (b ) for the specific or direct causes of feeding ? I 11 

matching papers, how would you make observations by tiansmitted 
light, and what value do you attach to these m matching shades ? 

Oj r) 

12. What are the characteristics most desirable m a paper for 
cable insulation ? Draw up a scheme for the production of such 
a paper, and schedule the duration of the various processes you 
would employ, with the propoitions of chemicals necessary. (23 ) 

As an alternative to Questions 3, 7, 11, the student may write 
an essay on Subject A below, or as an alternative to Questions 8, 
10, 12, the candidate may write an essay on Subject B below 

Subject A .—“The general chemical characteristics of cellulose 
are those of a fi Colloidal Salt * 99 Examine this statement criti¬ 
cally, both from the standpoint of theory, and of the functions 
and mdustnal uses of cellulose. (373 maths ) 

Subject B —Discuss exhaustively the question of Beating, 
dealing with the several types of beaters, their mechanical work, 
m relation to economy of power, and the incidental chemical 
effects produced m the beater. (JSo ) 


von. il 
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VIII. 


ANSWERS TO THE QUESTIONS AND EXPLANATORY 

NOTES 

INTRODUCTORY REMARKS 

I confess I feel some diffidence m consenting to answer the 
questions set by the exammeis m the City and Guilds of London 
Institute on papeimaking The questions are, m nay mind, the 
best that have ever been set. They may be described as “ leading 
questions,” many of them. However, it is one thing to set these 
questions, and another thing to answer them m a way that does 
not lay one out to considerable criticism The answers to many 
of the questions are straightforward enough, but otlieis aie more 
a matter of opinion than a matter of fact On some questions it 
would be safe to say that no two papermakeis hold the same 
opinion, and I am quite prepared to find that those who aie au 
fait with the particular subject raised by the individual question 
will, if they express then opinion at all, have a good deal to say 
m criticism of my remarks. My desire is rathei to lead out the 
individual faculties of the students, and to teach them to think 
for themselves, than to attempt to supply a key to the questions 
alieady set I trust that my humble attempts m this respect 
will be of some service to those who desire to enter for future 
examinations 


ORDINARY GRADE. 

1901. 

Question 1 —How do you measme the tluchiess of a paper * 
Estimate the thiclcness of a booh of 240 pages made of pope) oj t/mh- 
ness 0 051 tmlhmette Express the result m terms of the tilth* 
(20 m arks ) 

Answer I —By the use of a micrometer gauge 

By carefully measuring the thickness of a ream of paper under 
pressure, and dividing thickness of ream by number of sheets per 
ream 
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The thickness of a hook of 210 pages made of paper 0*051 mm. 
thick, is as follows — 


210 x 0 051 

9 


or 


6 18 
25 1 


= 0*255 inches 


= 0 18 mm. 

Approx. 1 inch thick 


Remarks—T he accuracy of tne measurement with a miciometer is mci eased 
by folding the sheet a number of times Of course the reading must be divided 
by the numbei oi thicknesses Care must be taken that only a model ate force 
is everted m screwing up the miciometer, otherwise the paper will be compressed, 
and the micrometer will give a false reading The most accuiate measuxements 
aie obtained with a specially designed micrometei that wull only exercise a 
certain amount of pressure when screwed up For oidmary leadings the ordinary 
micrometer divided into of an mch ia> quite sufficient, if used with caie 

Question 2— VThaf m&tmdions uovld you give to the heater- 
mati foi the prepcu ation of a svpeifine live ivriting-papei ? Sow 
would you manipulate the vanous pcuts of the machine to impcut the 
desued charade/ istics to such a jtapei ? State also zohat steps you 
would talce to prevent the colow from fading alien m contact with 
the animal size (30 ) 

Answer 2 —Beat for four hours Gradually mciease the 
pressure on bedplate by lowering roll a little every 20 minutes 
Full piessuxe of roll should be on bedplate during the last half 
of third hour and first half of fouifch hour, and until fibres are 
sufficiently beaten to suit the special characteristics of the paper 
to be produced Then laise the roll so as to brush bedplate for 
twenty minutes, to free stuff from knots 

The flow of stuff from the chest must of course be regulated 
to suit the required thickness of paper Live steam must be 
introduced into the steam-box where the saveall mixes with stuff 
from chest. The temperature of stuff flowing to machine should 
be so maintained for a paper of medium thickness that most of 
the water leaves before the first suction-box, and that the stuff 
is not too wet under the dandy-roll, but sufficiently wet to take 
the necessary impression The temperature of stuff and pro¬ 
portion of saveall water must be so regulated as to insure that the 
shake is effective as far along the wet end as possible. The speed 
should be between 40 and 60 feet per minute, according to 
circumstances. Undue heating on drying cylinders should be 
avoided as far as possible, to prevent decomposition of blue by 
alum Ultramarine should be used as the colouring agent, 
except where it is a sine qua non that the paper should not fade 



as in tlie case of ledger paper, when u smalts ” must be used In 
either case the greatest care should be exeicised to prevent the 
suction boxes from drawing away the pigment from the under 
surface, and so making the two sides of a different tint If 
uniformity of colour is a necessity, avoid too gieat dilution of 
stuff, and slow shake of machine, so as to prevent the gravitation 
of the pigment to the under surface 

The fading of coloin can be prevented when m contact with 
animal size by the use of smalts, which is unacted on by the 
alum, or by the use of an alum-proof ultramanne and avoiding 
an unnecessaiy excess of alum m the gelatine It is essential 
that the alum used should not contain free acid ; it is better also, 
foi the sake of the papei, that a basic sulphate of alumina be 
used m place of the oidmaiy sulphate. 

Remarks —Mr Clappeifcon, in. his book on. papeiniakmg, speaks of smalts 
fading I have nevei found this so, and think it must be due to smalts adulteia- 
tion with ultramanne No two makers would proceed in the same way, and the 
modus ope)cinch is dependent largely upon mniimeiable cncumstances The 
question is a good one to test a student’s knowledge, but to wnte fully on the 
subject would fill a good-sized book as well as divulge many tiade seciets 
Notiee that blue papeis give off sulphurous acid gas passing over cylinders, and 
often are neutral to the most delicate tests with the most delicate mdicatois 
These two facts are a pi oof of the decomposition of ultramanne 

Question 3 —How are the following fihes detected m a paper 
Jute, espaito ( cellulose ), mechanical wood? How tvoiiid you 
estimate the quantity of each when m admixtwe icith rag fibre 
only ? (30.) 

Answer 3.— 


Aniline Sulphate 


Microscope 


Mechanical'Wood Brilliant yellow, 
quickly developed 
even m cold 


Jute . Brilliant yellow, 

quickly developed 
even m cold. 


Esparto 
Rag Fibre 


Pink on prolonged 
boiling. 

No change. 


Flat clusters of fibres, 
sometimes broken, often 
with medullary rays 
Fibres often showing 
pitted vessels. 

Fibres very long, often 
sepai ate. Diameter very- 
irregular. Hair on sur¬ 
face Central canal fine 
and sometimes invisible 
Seed hairs proof of esparto 



The mechanical wood and 3 me can be quantitively determined 
together by means of Dr TTnrsfcer's “di-paper” (dimethyl-para- 
pkenylene-diamme) and comparison with his standard scale The 
ielative propomon of mechanical wood to jme can be roughly 
ascertained by counting the number of fibies of each under the 
microscope The esparto is lecoemsed by its red coloui after 
treatment with aniline sulphate and by the presence of leaf hairs 
In order to judge of the proportion of esparto, the pulp under 
examination should be examined by the side of an authenticated 
specimen of esparto cellulose. The fibies of esparto by no means 
resemble the other fibres of the paper They can furthermore be 
differentrated from the rest by the staining with iodine By 
this treatment mechanical wood and jute are colouied yellow and 
the rag fibres are coloured brown, whilst the esparto is left 
colourless 

By following the above plan a rough estimate can be arrived 
at of the relative proportion of each fibre. As a check, mix 
together mechanical wood, jute, esparto, and rag fibre, m the 
proportions you judge to exist m paper, and, after staining, 
compare with original 

Question 4 —What cue the advantages , if any, pressed by 
plate-glazed papers as compa/ed v'lth those finished on the super - 
calender ? What piecautions would you tahe to pi event variations 
m toloui ichen fiichon-glazing soft-sued pink punting papei ? ( 20 .) 

AxfeWEE, 4 —Plate-glazed papers possess a certain refinement 
of finish which cannot be imitated by other means The surface 
is paiticulaily agreeable for high-class writing-paper, as it takes 
the ink m a way tha& is not possible by fnetion-glazmg The 
pen glides over the surface without appeaiance of gieasmess 
Plate-glazing renders the papei more transparent, a quality liked 
foi certain classes of wilting paper, but obviously disadvantageous 
for envelopes It does not lower the colour and character of 
surface m the way that fnetion-glazmg does. It, however, tends 
towards brittleness, and causes the papei to break when sharply 
folded If carried too far, it 64 crushes ” the paper, and often 
obliterates the watei-mark 

Keep moisture m paper and piessure on rolls absolutely 
uniform. 

Rewarks —If dry pink is used, specks are often produced on the underside 
of the papei The ruction-glazing would very much intensify these specks if 
glazed on side specks appear The difficulty can be overcome by following 
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mstiuct]Gn& given m Mr Chpperton’s book “A \eiy simple way to use 
carnation i* to dissolve it in a dilute solution of ammonia, to which a little 
cream of tai tar has been added ” 

Notice that the high finish obtained by plate-glazing closely lesembles a 
supenoi finish obtained by the housewife when “ getting up” tmen In both 
staich plays an impoitant part 

Question 5— A dehveiy of pulp of 1,769 Idles , unbleached 
sulphite, ivith 12 pet cent moisture ( 'allowed ) zs to be sampled and 
the moisture detei mined Give exact particulars of the test and the 
foim in uhich the lesult is evpiessecl (20 ) 

Answer 5 —At tune of delivery set aside 4 per cent of the 
bales (taken fioin all parts of consignments) for the purpose of 
sampling. The number of bales m this instance would be 

1769 X 2 


Take samples from five sheets in each bale The first sheet 
to he taken ^ m from top. The second sheet to be taken half¬ 
way between this sheet and the middle of bale. The third sheet 
to be taken at middle of bale. The fourth and fifth sheets to be 
taken m corresponding position to Nos 2 and 1 respectively. 

Each sheet should be sampled by cnttmg out small pieces, by 
means of a shaip knife or a sharp hollow encnlar punch, from 
four different points, equidistant between the centre and each of 
the foni corners of sheet The pieces so removed must at once 
be placed m a dry, well-stoppered glass bottle, previously carefully 
weighed. 

When all the bales aie thus sampled, the bottle is carefully 
weighed The pulp is then carefully removed to diymg ehambei 
and dried at 212° Eahr until the sample ceases to lose weight. 

Assuming that the weight of the moist pulp was 542 grammes, 
and bone-dry pulp 412 grammes, the amount of air-dry pulp con¬ 
taining 12 per cent moisture is calculated as follows — 

412 X 100 ino J i 

( l OO - 12) = 468 ° rammes air ' dr J P ul P 

The percentage of air-dry on original pulp would be 


468 x 100 
542 


= 86 8 per cent. 


8 G 8 per cent deducted from 100 per cent, equals 18 7 per cent, 
surplus moisture. 



Eemarks—T nis question tests a student’s faculties moie than if tne an- 
divness had been taken °s 10 per cent ( * tne nguie now adopted bvthe British 
Wood Palp Association), as it would be useless for him to learn the formula 
lOoA 

- Q- - by neart A student >aoald test tne coriecfcness of his figures He can do 

this m the above case b^ finding out tae amount of air-di v moistuie to be added 
to the bone-div weight T e two figures togetnei should equal the calculated 
air-drv weignt 

412 x Id _ 

I U U - 1 2 = 30 a!r drvness 

Bone-d^v Air-dry^es 5 

To be added—±12 -J- 56 = 468 air-dry fibie 

Tne mode of sampling abo\e cited is praetiuiUv on the lines of SmdalPs recom¬ 
mend itions, and constitutes the nest method known 

Question G— Suppose a niuchine so fitted that the ivae frame 
can he / cased or lover ed fioia the hi east / oil as desired , nhat isola¬ 
tions from the level would you male when 'naming the following 
guides ( 1 ) St/ong jag cartridge*. , (2) news , (3) fine printings , 
i-t) blotting(o) thin sulphite taps ? State yoin reasons in each 
tase . (25 ) 

Answer G — ( 1 ) Lowei bieasfc roll f of an inch (2) Not to 
be loweied or iaised (3) Lower breast roll 4 to * of an mch 
(4) Nob to be loweied oi raised (">) Lowei about ^ an inch 

IlEWAPits—T he geneial principle of loweimg and raising the breast loll 
depends on the softness or tne stuff Thus, to get a stioncr rag cartudge well 
closed and put togetnei, it w ould be ad visible to low ei the breast end of the frame 
about ^ of an men, in oidei that a good well of -water and stud may be foimed, 
lust where the action of the shaie will have the most effect in. lacmg the fibres 
together For free stuffs, such as news, which is apt to pait writh wctei only 
too easily, there is hardly any necessity to lower the bieast loll at dll, and the 
same applies to *• blottings,” which are usually aeiy i¥ free,” although so thick 

Fine printings aie usually piepaied by fine beating, and thus hold the watei 
well, and m order to get adaitional watei m so as to obtain a close even sheet 
the breast is generally loaeied 

With thin sulphite caps lunrnng at a high speed the fibies aie inclined end 
on, thus causing the papei to be strongei when tom acioss the webb The breast 
is generally lowered to obviate this 

It is somewhat difficult to follow the aigument, but I tiust I have made it 
cleai It appears that the bieast is lowered foi two leasons, eiihei to get the 
water out 01 to enable one to put more watei in Since putting more watei in 
implies necessanly taking more out, the result is veiy much the same in both 
cases 

Question 7 — State exactly how you would teat for conversion 
into half-stuff new cotton pieces , new linens (gtey ), Manilla ropes , 
and broke fiom tub-sued itniinq <? f >o ) 
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Ansm eb 7 —New cotton pieces, unless quite free from dress, 
should be tieated m a spherical boiler with “malt extract” equal 
to 1 A to 3 lbs of malt per cut of rags, at a temperatuie of 1 G 0 ° 
Fahi until all starch is convex ted into sugar The liquor 
is diawn off and the mass washed with hot watei, so as to 
thoioughly remove the sugar before bleaching The new pieces 
are thoroughly bleached with bleaching powder, to which a little 
vitriol is added, then broken-m in ordinary 8 -cwt. bleaker for 
four hours. They should be washed for the first two hours of 
the beating 

New linens (grey) should be boiled for eight hours with 3 to 
4 pei cent NaHO, so as to thoroughly soften the shieve. Washed 
in boiler whilst emptying Washed subsequently through revolv¬ 
ing rag-washer, &c Bioken-m m 3-cwt. breaker four hours. 
Washed first two horns of treatment. Bleached m steeping tank 
with 3 per cent bleaching powder solution 

Manilla lopes must be chopped up and boiled in lime—10 to 
20 per cent lime—foi 15 hours. Washed m washer fitted with 
stone bedplate. 

Broken tub-sized papers must be boiled with water alone for 
the removal of gelatine, and, when thoroughly softened, they can 
be put direct into breaker Some makers prefer to grind them 
m kollergang or pass them through cone breakei, and use them 
afterwaids for thickening up beaters. 

REMARKS—The above mode of ti eating new pieces is fai piefeiuble to tieat- 
ment m watei or weak soda (Foi full description see “Tieatment of New 
Pieces,” Beadle, Papebmakep ) The sugai must be removed befoie bleach, 01 
it decomposes, le iving stud bad coloui 

New linen (For furthei descuption see “Tieatment of Bags,” Beadle, 
P ape r Mump.) 

Manilla— A stone bedplate will give the maximum stiength. of fibie as the 
material is gradually diawn and biuised, arid not “ cut ” Soda should never be 
used for boiling papeis (except m minute quantities to prevent boilei-plate from 
“pitting”), as it loweis the coloni of papei by decomposing the gelatine. 

Grey linens must have a vigorous treatment with soda to soften “shieve ” 

Question 8 — What materials would you use foi the 'production 
of —(i) news , ( 2 ) fine writings , (3) E S. printings , (4) Mottmgs ? 
State the propoi tions of each mate) ud you would consider necessary 
to give good iemits (25 ) 

Answer 8 .—( 1 ) 75 percent, of mechanical wood, 15 per cent 
of chemical wood, 10 per cent of china clay ( 2 ) 60 per cent, 
of cotton rags, 40 per cent of linen rags, and sized with 5 per 
cent, gelatine. (3) 20 per cent, bleached sulphite, 40 per cent 



unbleached sulphate, 40 per cent of white shavings (12 to 10 per 
cent clay) (4) Entirely of cotton with a little starch, but no 
sizing matenal 

Remakes —Of course, the composition of new a varies according to quality, 
the bettei class containing more enemical wood Fine willing^ vaiy almost 
indefinitely m composition, but tne best are made fioin lags sized with gelatine 
Engine-sized piintmgs used formerly to be made of espaito, with about* 2o pei 
cent of bioke, and no doubt some mills make them so still wheie the puce will 
admit, hut the tendenev is to replace esparto with wood pulp In some cases 
bleached soda pulp is used, in. other cases unbleached sulphite, also bleached 
sulphate and white snavings News will not carry moie than 10 per cent of 
clay economically, as it is too tnin to hold it 

Question 0 — Define yeeifh giovxtg . What is the weight ofl 
gallons of a solution of 11° Tv: ? Talcing specific giavitg of cellulose 
equal 1 50 and of china clag equal 2 75, what is the exeat effect of 
20 per cent loading on the specific u eight of a paper (20) 

Answer 9 —Specific gravity is an expression of the number 
of units of weight m units of volume ; water being taken as 1 0 

The weight of 7 gallons of a solution of 11~ Tw is— 


7 x 10 x 1OO0 + (11 x ~>) 
1000 


73 85 lbs 


The specific weight of the paper m question must be increased 
by the addition of 20 pei cent of china clay The clay not only 
adds to specific weight of the paper from the fact that it 
possesses a greater specific gravity than the cellulose, but also 
because it occupies the interstitial spaces, and does not “ bulk 5 
the paper The exact specific weight cannot be determined unless 
we know the specific weight of the said paper without the addition 
of 20 per cent, clay 

Remakks —We must first ainve at the specific weight of a cellulose paper 
containing no clay befoie we can state what the specific weight would be on the 
addition of 20 per cent clay Neithei the specific giavifcy of the fibies or of the 
clay will afford as the necessary data 
Let us take an instance 

Cut a square fiom the paper m question just 50 xnm by 50 mm , and deter¬ 
mine its thickness by means of a mierometei, and its weight m grammes on a 
sensitive balance In the piesent instance the thickness is of an inch, and is 
6 X 25 

equal to “JqqJj"" or 0 150 mm 

In order to arirve at the bnlk occupied by the piece of paper m question, we 
must, of couise, multiply 50 X 50 x 0 150 = 375 mm or 375 cm 
We know that one cubic centimetie of water weighs one gramme 
We also know that 0 375 cubic centimetie of the paper m question weighs 
0 415 gramme 
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The specific weight of the papei is got by dividing the weight of the 
volume 

= 1 11 the specific weight of paper without clay 

What would be the specific weight of the above papei if 20 pei cent clay is 
added 

This is very simple to calculate 

The paper without clay weighs 111 gi amine foi eveiy cubic centimetie of 
bulk 

The paper containing clay is to have the composition cellulose 80 per cent , 
clav 20 pei cent 

Clay does not add to the bulk 

These aie the simple facts to guide us 

The propoition of cellulose to clay is as four pounds to one To add the clay 
we must add one quaitei on to the weight of the cellulose To amve, theiefore, 
at the specific weight of the clay papei, we have meiely to add one quaiter on to 
the specific weight of the papei containing no clay Thus — 

1 11 

111 + = 1 39 

The exact effect in this instance is, theiefoie, the laismg of the specific weight 
of the papei m question fiom 1 11 to 1 39 by the addition of 20 pei cent of 
day 

Specific weight as above expiessed must not be confused with specific giavity 
Theie is no difficulty m aseeitammg what would be the e\aet effect upon the 
specific gravity of papei with figures given m the question We have, as above 
explained, four parts of cellulose of specific giavity 1 5 foi eveiy one part of clay 
of specific vravitv 2 75 

15X4=60 
2 75 X 1 = 2 75 
5 )8 75 
1 75 

The specific gravity of the papei m question must be 1 75 

It is evident that specific gravity is intended in the question It is to be 
hoped that iu futuie, if the eximineis set a similai question, they will define what 
is meant by specific weight I take it to mean weight pei unit of actual bulk by 
measurement, which is quite anothei thing to specific gravity In this case the 
answ T er I have given m answeuug the question is about all that can be said on the 
subject in the way of an actual answei to the exammeis 

Question 10 —State the type of heating eng me you would 
adopt foi the prepai ation of stock foi (1) strong hook papei s, (2) espaito 
pi lutings , (3) blottings , (4) sulphate casings Give also the horse - 
power repined foi a 4- cwt heatei m each case , and the amount of 
coal necessary to make and di y one ton of each grade on the machine 
(30 ) 

Answer 10 —(1) The Hollander type. (2) The Coburn 
Tayloi (3) The Hollander type. (4) Hibbert’s patent beater 
Power for 4-cwt beatei The Hollander type when beating 



strong rags will take from 30 to 40 hoise-power Esparto 
printings will require about 25 to 30 horse-power Blottmgs 
will require about 30 to 35 hoise-power Sulphite casings will 
require about 25 hoise-power. 

Under up-to-date conditions, one ton of stock should be made 
into paper with 10 to 12 cwt of coal (steam for machine-engine 
and drying only of course) Wet stuff is ruuch more difficult to 
dry, and uses more steam owing to being dried more slowly, m 
order to get an even sheet. 

The following do not include steam used for tub-sizing and 
drying Book papers, 12 to 14 cwt of coal per ton of paper 
Esparto printings, 10 to 12 cwt coal per ton of paper. Blottmgs, 
U) cwt coal pei ton of paper. Sulphite casings, 10 to 12 cwt. 
coal per ton of paper 

Beharks —A great difference of opinion exists on the subject of beateis for 
various purposes There is nothing like the old-fashioned Hollander tor beating 
rags such as are used for book papers 

The Coburn Tayioi patent beater gives very good results for e^paito printings, 
but in some instances is not to be lecommended for rag stud, owing to liability of 
circulating fan to become choked 

The old Hollander, with sharp tackle and lapid ticatment, is the best for 
blottmgs 

Hibbeit’s beatei has the advantage ever the Hollandei, m that it admits 
being filled with stidei stud, and the circulation still lemains good, but it has 
the drawback that it does not take the dry sheets of sulphite wood veiy well, 
whereas the Hollander does so without any tiouble 

Question 11 —T That ate the icaste pt oductsf/om a iag nidi 
(fine ladings'), an esparto mill {fine pi intinqs), a soda irood ( half- 
staff), and sulphate wood ( half-stuff ) ? Which of these cue heated 
for recove? ij of n&eful products, and uhat are fined ua&tes ? (30 ) 

Aksweb 11.— 


Bag Mill. 


Bag dusfc from dusters. 

Wask-watei fiom rag-boiling 
u Lint ” from rotaiy rag washers. 

Short fibres from “ saveall ” from wash-water of breakers 
Sediment from backwater. 

Residues from eausticismg and bleach mixing. 

“ Shoddy ” from rags, bagging, &c. 

Wash-water from bleaching 
Knotter stuff 

Fat, bones, and oil, from size-making 



Esparto Mill 

Esparto liquor from boiling. 

Dirty wash-water from, final Trashing 
Eoots and untreated particles picked out 
Mineral matter, &c , m backwater 
Charred mass from lixiviating recovered soda 
Bleach and causticismg residues. 

Dust from dusting dry glass 
Wash-watei from bleaching 
Knotter stuff 


Soda Wood Mill. 

Soda liquor from boiling 
Bleach liquor residue and causticismg residue. 
Wash-water from breaking m and bleaching. 
Black ash waste. 


Sulphate Wood Mill 

Barks and knots. 

Bleach liquor residue 

Waste sulphite liquors. 

Wask-watei from bieakmg and bleaching. 

Rag Mill 

Rag dust used for manufacture of felt hats, and the dirtier 
kind used by florists as a feitihser for certain plants 

Lint contains long fibres, but, on account of dirt, can only be 
used for low quality papers. 

Bones and oil from size sometimes sold , latterly used for 
manure 

Short fibres from “ saveall ” contain dirt, and can only be used 
for low quality paper, but the short fibre from the cleanest and 
best rags can be used m better quality paper if kept separate 

Shoddy from rags sells sometimes for as much per cwt as was 
paid for the rags from which they were picked. 

Bagging available for papermaking 

The other waste products m a rag mill are of no use 

Esparto Mill (fine printing). 

Esparto liquor must be treated for recovery of soda to make 
process pay 90 per cent of soda is recoverable, and is used 
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over again Final waste is black ash residue and sludge fioin 
causticismg ash. 

Mineral matter sometimes settled out and put into lower 
quality paper 

Other waste products are thrown away. 

Soda Wood Mill (half-stuff) 

The same products aie recovered as with espaito 

The residue from black ash tieatment has been found available 
for electric light carbons 

Sulphate Wood Mill 

Waste sulphite liquois are, as a rule, thrown away. 

The organic matter can, however, be precipitated by adding 
lime This has been used as a sizing material m paper,*and as a 
precipitant for animal size It can also he used foi sticking 
purposes The liquid has lecently been recovered as a fine 
dry powder, and has been used as a “ weight giver ” m coarse 
textiles 

Remarks—T his appeals to be the foim m which the answei should be gi\en 
The answei does not call for any comments 

Question 12— Describe the method of nnpaihng a “ watei 
finish” and discuss the merits of u watei-finished” as compared mth 
svpei -calender ed paper (20 ) 

Answer 12—The “water finish” is produced by causing 
watei to flow on to the calender roll m such a way that the 
roll will bring it m contact with the paper under the “ nip ” 
The idea was fiisfc developed m America, and is much used theie 
fox the thick box-making and label papers. The surface obtained 
is more even and closer than can be got from the snper-calendei, 
and the feel of the paper is much more silky. The process can 
be earned out much cheaper by fitting water-doctors to existing 
stacks of rolls, but it requires a lot of study and attention to 
details, in obtaining the web at the pioper degree of dryness, to 
ensure uniform results 

Question 13— What systems are used in practice for dealing 
with the fibres which find their loay into the various waste waters of 
the mill? (25) 

Answer 13.— 

(1) Otto Schmidt stuff catcher 

(2) Ordinary revolving conical saveall. 
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(3) Roeckner’s patent clarifier. 

(4) Wilson’s patent automatic self-cleansing filter. 

(5) G-reig’s patent filtering apparatus. 

(6; Reeve’s patent filter. 

(7) The Warren filter 

(8) The Dervaux water purifier. 

(9) Johnson’s and other filter-presses 

(10) Large precipitation tanks. 

Remarks —1, 2, 3, 8, and 9 can be used wheie it is desned to ie-utilise the 
iibies for papermaking 

4 } 5, 6, 7, and 10 aie used foi the puipose of claufjmg effluents, wheie the 
small amount of fibie caught is of no value 
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ANSWERS TO THE QUESTIONS AND EXPLANATORY 

NOTES. 

HONOURS GRADE. 

1901 

Question 1 —Examine very cat efidly and in all respects the 
position of esparto as against wood cellulose s. Foierast then futuie 
> elattvepositions in this count)y, and give yow opinion as to koto 
fa) this depends upon price, and how fa) on uitt insio papei mailing 
quality (30 mai Ics ) 

Answer 1 —The position of espaito as compared with the 
wood celluloses is a somewhat complex one. Esparto comes into 
this country m its raw state, and is manufaetuied into pulp, 
whereas wood pulp comes into this countiy m its manufaetuied 
state, and is no longer manufactured here Espaito is converted 
m the null where it is to be made into paper, wheieas wood is 
chiefly treated close to the sources of supply Esparto is par¬ 
ticularly prized for a certain class of printing and illustration, 
publishers and printers of this country much preferring it to any 
form of wood fibie for the purpose 

The general opinion now is that esparto should not be used 
for manufacturing paper of a lasting nature. Bleached esparto 
is a form of oxy-cellulose, and is in time oxidised and destroyed 
by atmospheric influences. It is more susceptible of change than 
well-prepared chemical wood pulp, but less so than mechanical. 
England is the great consumer of esparto, probably on account 
of its early and successful introduction into this country. Pub¬ 
lishers having once acquired a taste for esparto papers are slow 
m adopting paper made from other materials, especially as they 
find that it suits the public taste of this country. 

That esparto is not an essential ingredient of such papers is 
proved by the practice of other countries In the States the 
papermakers use poplar fibre in place of esparto. With the im¬ 
proved manipulation of wood, and a judicious choice of fibie 



64 


to suit specific lequirements, English papermakers will in tune 
place themselves in an independent position m legard to esparto, 
and the use of it or not will depend entirely upon economic 
considerations. 

The two gieat factors of cost are—the price delivered of the 
grass and the cost of chemical treatment It may happen that 
espaito grass is down in price, and yet the pulp is expensive to 
produce on account of the high pi ice of caustic soda and bleaching 
powder 

Taking for the sake of simplicity, the average yield of fibre at 
50 per cent., the average consumption of caustic at 10 pei cent, 
and of bleaching powder at 15 per cent, on the weight of grass 
treated With glass at £4, caustic at £11, and bleach at £7, we 
can easily arrive at the cost per ton of finished fibie 

Cost per ton of tieated glass for— 

£ s d 

Eaw material, 2 tons at £4 ... .80 0 

Caustic 4 cwts at 11s .240 

Bleach 6 cwts at 7s ... . 2 2 0 


12 6 0 

In cases where recovery of soda is effected, allowance, ol 
course, must be made. A sum must be added to the above foi 
general charges, including all such items as fuel, labour, rent, 
interest, depreciation, &c , m connection with the plant used 
m the conversion of grass into bleached pulp Such charges, 
of course, depend upon local conditions, and vary largely m 
different localities. The cost so arrived at must be coirected 
from time to time, with a change m the market prices, &c , 
before we can compare the price of esparto with the market price 
of such a material as American poplar If, of course, the general 
equipment of the mill was for espaito treatment, the disposition 
would be to make esparto pulp as far as possible. On the other 
hand, many modern mills are not laid down for esparto treatment, 
and so cannot add esparto to their papers. 

My opinion is that esparto will always be used m this country, 
but only m as much as it can compete against a certain class of 
wood pulp. The demand will largely depend upon the market 
price of caustic and bleach. The use of it will be chiefly m those 
mills especially equipped for the purpose, and where its treatment 
is well understood. A restriction of supply can only within 
certain limits raise the price, as its use beyond a certain limit 
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of pnce would be discontinued m favour of wood Wood has 
a slight preference for punting papei lequnedof a lasting nature, 
but if this country follows the excellent example of Germany’ 
wood and esparto will be eliminated altogethei flora the best 
wntmg and book papers, and, consequently, esparto as well as 
wood will be relegated to papeis of a different class 

RE3IABKS—This question is laigely a matter of opinion What the futuie 
will bung forth no one, not exen the wisest, can foreshadow -with any decree of 
ceitamty. Some such answer as the aboie is evidently -what is expected by the 
exammeis The figuies I haxe given foi chemical treatment aie a pure supposi¬ 
tion This should not afreet the value of the answei, us it lepiesents conectly 
the mode of ailiving at the co&t of compauson with chemical wood The 
ex mnneis would piobably think more of the answei if the conclusions aie logical 
Students should stick to the point when answenng a question, and not wandei 
fiom it All melexant matter, ho-wevei conect it may be m itself, does not add 
to the x alue of an answer 

Question 2 —How would you equip a mill to turn out 100 
tons of news and 50 tons of E S mitings per iveelz> Give yoiu 
leasonsfot the adoption of any special appliances (;3o ) 

Answer 2 —We start on the assumption that tlie news is 
manufactured from mechanical wood, sulphite wood pulp, clay, 
and, of course, sized with rosm, and would contain a certain 
portion of u shavings ” and “ broke ” 

We should require to have the following plant:— 

Two revolving boilers for softening sulphite, mechanical wood, 
and papers, as lequired 

Two kollergangs, or if moist mechanical is to be used, then 
two dismtegiators , one of each would doubtless be sufficient, but 
to assuie a regular supply of uniform stuff it would be advisable 
to have two of each 

Two of Hibbert’s patent beaters, 10 cwt capacity each. 

One Marshall refining engine. 

The usual sizing and alum plant 

The paper machine should, of course, be an up-to-date u news ” 
machine, 120 inches wide, fitted with the latest improvements, 
such as Marshall tram, Fullner backwater plant, &c. 

Two good “ slitting ” and “ winding ” machines, and the 
usual finishing house appliances. 

For the B S writings the following would be required .— 

One revolving boiler foi soaking -white shavings. 

One poacher Capacity, 10 cwt. of dry stuff 

One kolleigang or disintegrator 

Five Coburn Taylor beaters, 7 cwt capacity. 

VOL II E 
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One Marshall refining engine 

One 92-mch paper machine, fitted with the latest improve¬ 
ments, such as water doctors and calender rolls, Maishall tram, 
Fullner’s backwater plant, spray damping arrangement, &c 

One snper-calendei 

One smgle-sheet cutter 

One revolving angle cutter 

Guillotine, &c 

I have ignored the laying out of mill for the treatment of 
esparto, although esparto is largely used m engine-sized writings. 
The tendency is, however, to replace esparto by wood, and by so 
doing an enoimous saving of cost is affected, vomiting boilers, 
evaporating plant and recovery plant being dispensed with I 
should mention that the plant given above for E S. papers is 
based on the assumption that the furnish is sulphite wood pulp 
and white shavings 

The steam boileis should be 28 feet long by 8 feet diameter, 
of the Lancashire type, and fitted with Galloway tubes and 
economisers ; they should be placed near driving engine so as 
to avoid loss by radiation or sharp bends. 

Remabks —The engine should be an up-to-date type of the tandem type, 
condensing, of couise It should work with from 2] to 3 lbs pei hoise-power 
pei hour (Many makeis of engines claim to do with less than this, but it is 
seldom realised ) The coal consumed, of couise, is dependent upon the quality 
used, as well as the general evaporative efficiency of the boileis It would be 
best to state that the engine should work with a consumption of 20 lbs of steam 
per horse-powei per hour, by so doing one leaves out of the question the quality 
of the fuel, &c With an evapoiative efficiency of 8 lbs of water pei lb of 
coal, and allowing for ladiation, an engine requmng 20 lbs of steam per hoise- 
power per hour would consume somewheie between 2\ and 3 lbs of coal pei 
horse-powei pei houi 

In the woiking up of white shai ings a machine such as Comet’s cone breakei 
is prefeired by many to a kollergang 

Foi the E S machine one i evolving boilei would be sufficient, as the two on 
the news side could be woiked with it, and it would be used mostly foi soaking 
the white shavings 

One poachei is considered sufficient foi bleaching the wood pulp, as bleached 
wood pulp can be obtained compaiatively cheap, and it is often therefore bettei 
to buy bleached pulp 

It is advisable at the beginning of the answer to state on what the estimate 
is based, then to follow on with a detailed estimate, and finally to give leasons 
for the adoption of certain appliances 

Question 3. — State what you know of the systems for wood 
pulp manufacture knoiv as the “ Drew sen Dmnfeldt ” processes, 
and discuss the advantages claimed (20.) 

Answer 3 —In this system soda bisulphite is used in place 
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of calcium, or magnesium bisulphites for treating wood The 
liquor is calcined after use, and the recovered soda is a mixture, 
suitable direct for the pioduction of soda wood 

The process of Y B Drewsen consists of heating with lime 
undei pressure, yielding calcium monosulphide (with sulphate and 
the lignone complex m insoluble form) The sulphite is ledissolved 
as bisulphite by treatment with sulphurous acid 

Remapks —An account of these processes has lecently been published m 
Continental journals 

Foi fuithei information, see also ‘Researches on Cellulose,” bj Cioss & 
Levan (Longmans, Gieen & Oo ) 

Que>tiox 4 — How many tons of toed itoirttl you expect to use 
pa week in the null ; efei / ed to in Question 2 State theptoporhon 
you would Ube in each depen tment, thing that the motive pouet 
is steam Hitoughout (do) 

Axsvter 4 —The Hibbert beaters would take 50 horse¬ 
power per hour for 10 cwt 

The Coburn Taylor 30 to 40 horse-power per hour 

The Marshall engine would not take much power, as the cone 
should be touching very slightly, while the disc should be pretty 
well up 

The machine engines should be compound condensing, and 
should run from to 3 lbs of coal per horse-powei per hour 

The coal consumed ovei all would amount fiom 30 to 35 cwts. 
per ton of papei produced, but the amonnt of finishing by super¬ 
calender would cause a vanation from time to time, about 100 to 
120 tons being used to the pioducfcion up to the machines. 

The consumption of coal for the manufacture of machine and 
drying on cylinders wonld amount to about half a ton per ton of 
papei pioduced The balance to make up the 30 cwts. to 35 cwts 
would be used m final operations. 

Coal has an evaporative performance of 8 lbs of steam per 
pound of water. 

Remabks —This is a question on'which theie might be gieat difference of 
opinion The idea of gauging tne power required in. the consumption of so much 
coal pei ton of paper is a very loose one, since coals differ so much in evaporative 
efficiency The student should acquaint himself witn the ielati\e heat values of 
different fuels, and should state the class of coal he has m his mmd when giving 
such figuies He could haidly be blamed for not doing so, howevei, since 
authorities publishing figures fiequently do not state the heat value of their coal 
Hence endless confusion and difference of opinion on such-like subjects 

The best work to enlighten the student on the subject of fuel, &c, is 
“ A Manual of Rules and Tables,” by D K Clark, published by Blackie & Son, 
Ltd 



Question 5 —You are given ctn unLnoirn jibious material 
and a) e reqm? ed to determine its suitability as a 9 aw material for 
qxtpei mating; state evactly how you would do this , and on ivhat 
mean points you would base your estimate of value ? (25 ) 

Answer 5 —Determine percentage of ash by burning 1 gram 
until weight of ash is constant (Note colour of ash ) 

Determine moistuie by drying at 212° Fahr until weight 
is constant , weighing must be clone m tube. Determine the 
cellulose by the following method — 

Boil m dilute alkali until fibre is softened. 

Wash and expose to chlorine gas for several hours, m beaker, 
which should be kept cool by surrounding with cold water. 
(Note whethei fibre is changing m coloui m chlorine.) 

Wash chloimated fibre to free from HC1, and place 111 weak 
solution of neutral subphite of soda (Note whether magenta 
coloui is developed ) After one hour boil solution until colouring 
mattei is dissolved. 

Wash with hot water. 

Bleach with weak solution of sodium-hypochlorite. If cellu¬ 
lose is not white, give further treatment m chlorine gas or in 
bromine water , but be careful that treatment does not lnjuie 
fibre. Then repeat treatment with sulphite ; wash, bleach, 
wash, acidify with acetic acid, dry at 212° Fahr., and weigh m 
weighing tube The weight calculated on the air-dry original 
gives the percentage of cellulose. 

Note the general appearance and chaiacter of the cellulose. 
Examine cellulose under micioscope, and note how near it ap¬ 
proximates to one or other of the various fibres m common use 
for papermaking 

From the microscopic characteristics can be judged, 111 a large 
measure, the relative value of this cellulose in comparison with 
other materials. 

If sufficient material is available, treat 1000 grammes m 5000 
grammes caustic soda liquoi m a small sphencal revolving boiler. 
The stiength of soda must be carefully ascertained by titration 
at commencement, and care must be taken throughout the treat¬ 
ment that no steam is allowed to escape, thus altering the liquor 
in strength Boil at 100 lbs pressure, and draw off at intervals 
of an hour small samples, which test for free alkali. When the 
free alkali remains constant discontinue boiling; carefully wash 
boiled pulp, taking care that no fibre is lost 

Dry and weigh pulp at 212° Fahr ; this weight gives the 
percentage of unbleached pulp on original weight of fibre Let 
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the pulp become air-dry by long exposure to an, and until it 
no longer gams weight, weigh pulp, and calculate percentage 
of air-diy pulp on raw material, this is the figure that should be 
taken foi commercial purposes 

From the analysis of the liquor you know exactly the pei- 
centage of soda neutralised during the boiling For the purpose 
of final analysis of liquor, the liquor, together with all the 
washing, is made up to a known volume, and the “ free ” and 
Ci total ” soda are carefully determined The difference is the 
soda combined and used up by the fibie. 

The original amount of soda added is known. We can easily 
calculate the weight of soda consumed, and then see what per¬ 
centage this bears to the original weight of the fibre treated 

We should now conduct another boiling trial, adding soda 
slightly m excess of that found to be “ consumed ” m the fust 
trial. The extent to which this soda should be diluted must 
depend upon the condition of the raw fibres, and must be 
left to the discretion of the obseivei The same pressure is 
applied (unless there is good reason to suppose that a higher 
or lower pressure would be advantageous from the general appear¬ 
ance of the first treated lot) Samples are again diawn off every 
hour, and the boiling continued until no further neutralisation 
of soda takes place The rest of the treatment should be con¬ 
ducted as m previous trial. The calculated percentage of pulp 
should be near that of first trial. 

The cellulose should now be determined m a small portion of 
the bone-dry boiled pulp, and should not be less than 90 per cent ; 
the ash should also be determined m unbleached pulp. 

A portion, say half of one of the boilings, should be carefully 
weighed and then treated with successive quantities of bleach 
solutipn, equal to 5 pei cent of dry bleaching powder at a time 
One quantity should exhaust itself before another is added Any 
excess of bleach remaining after the colour no longer shows im¬ 
provement should be determined and deduction from the total 
added before calculating the bleach consumed by fibre. 

A second bleaching experiment should be done as a check, 
adding just the equivalent of bleach found to have been consumed 
m first trial The bleached pulp is washed, acidified, washed, 
dried, and weighed, and then exposed to an-dry. Bleached pulp 
should be calculated upon the original raw fibre boiled The ash 
of bleached pulp should he determined. 

Put some of bleached pulp in beater, beat carefully, and make 
into paper on hand-monld, with or without clay, alum, starch, &c 
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Take stuff from known mill furnish, and make also into hand 
sheets, under the same conditions as far as possible 

Compare the relative stiengths and other physical qualities 
The stuff of known furnish will produce paper on machine of 
known qualities ; fiom this we can form some rough judgment 
of what might be expected from the fibre under examination, 

Note the compaiative shrinkage of the sheets, the comparative 
felting qualities, and suck-like qualities 

From the foregoing work one can form a very fair estrmate 
of value Getens parabus the law material would be m the long 
lun more valuable m proportion as the consumption of chemi¬ 
cals, &c , and treatment was small, the ease with which it can be 
manipulated, the cleanliness of the pulp, &c The length 
of the fibres, the whiteness and purity of the fibre, and also 
geneial utility and adaptability are judged from the quality of 
paper it produces 

It should be ascertained, if possible, how much bulk a given 
weight of raw T fibre will occupy If bulky the freight will be 
high, and possibly pieclnde its use. 

In fibres of low yield and consuming a large amount of 
chemicals, the cost of chemical treatment per ton of finished stuff 
is often so high as to condemn the material for industrial use, no 
matter even if the resulting cellulose is of excellent quality, and 
the raw matenal had for the asking. 

Such considerations as these must be weighed with the greatest 
care m estimating the value of any matenal for the purposes of 
paper manufacture 

Remarks —There is a lot condensed into the above answer, peihaps more 
than ’would be expected fiom the student I would commend the details to the 
leader’^ caieful consideiation, as there is no published woik: setting forth this 
infoimation, and it is an important subject to the papei-mill chemist 

Question G — In ichat departments, if any , of the mill , do you 
consider that the electi ic motor can be successfully substituted for the 
steam engine ? State your reasons fully 

Answer 6 —G-lazmg calenders, guillotines, plate-glazing 
rolls, enamelling plant, and all machines that aie mn inter¬ 
mittently 

Electric motors are particularly applicable m the instances 
above cited. They are also useful m those parts of a mill where 
comparatively little power is required, and wheie it is difficult to 
convey steam power The motors must, however, be kept m a 
clean and dry place, and should be boxed m to keep them free 



71 


trom dust and dirt. They are further more useful for driving 
fans for the ventilation of buildings, especially m inaccessible 
places 

PtEMAFKS—In connection with this question the student would do well to 
considei the cost by means of tiansmission through electric conductors, and recon¬ 
version into pow ei, as compared with the cost of transmitting power by means of 
a given line of shafting belting, <SLc Witn tne electric cunent we he\e fiist the 
loss sustained by con\eision of powei into electricity, tnen the loss through the 
lesistance of the conductor, and finally the loss by converting the electricity back 
into the powei again One has also to consider the question of prime cost as well 
as practical adaptability In many instances it is not possible to lead a lme of 
shafting to a given spot, whereas there need be no difficulty in fixing a wire and 
erecting a small motor The power may further be transmitted dv laying a steam 
pipe to a given spot In this case we have the question of radiation along the 
steam pipe to take into consideiation This question on the whole is worthy of 
e\ ery consideration and study 

Electrically driven pumps can be woiked automatically foi maintaining a 
given head of watei, such as lor supplying tanks on hign building* where a con¬ 
stant head of water is lequired The pumps automatically start and stop, and so 
keep the tauks supplied without lequirmg attention The transmission of power 
by electnc cunent is particularly adaptable to mills depending upon water power 

Question 7 — What do ijou consider the special ieqvu e meats of 
papers for (1) parclimentismg, (2) convethng into nit/o-cellulose , 
(3) quantitative chemical icorh (filter-papers ), (4) for makingpaper 
howls, (5) for htho and general fine punting , (6) for cartridges , 
(7) for water-colour drawings , (8) for cable insulation ? In each 
case state the composition of half-stuff you would take in making 
the paper (25 ) 

Answer 7 —(1) Originally made of cotton and linen, bat 
well-treated straw m conjunction with rag or even chemical wood 
will do If the parchmentismg effect is to pass right through 
the sheet no sizing material must he used, but if superficial treat¬ 
ment only is required, as is sometimes the case, the paper must be 
sized more or less with rosin 

(2) Made after the manner of copying papers, but must 
contain only well-treated cotton and no size, fibre long; a little 
starch is permissible ; there must be freedom from grit Weight 
low, 10 to 20 grammes per square metre. 

Nitro-cellulose used for special purposes other than for explo¬ 
sives has been prepared from well-treated esparto stock 

(3) Cotton and linen stock, chiefly cotton. Tender stuff 
rapidly beaten with sharp knives after the manner of making 
blottmgs. Greatest care must be taken to keep free from con¬ 
tamination. Ash removed by treatment with hydrochloric and 
hydrofluoric acids Made on the machine so as to “ bulk ” well 
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must be absolutely free fiorn sizing matenal, alum, &c Should 
be kept from contact with iron during manufacture. A little 
starch is permissible. 

(4) Strong unbleached sulphite pulp, diawn out with blunt 
tackle so as to work wet and give great strength, and mixed 
with ingredients shown as undei 

(5) Surface and bulk, and so shrunk as to show close register 
m successive printings Fine, even surface, often enamelled. 
White opaque, super-calendered 

(6) Carefully diawn out sulphite pulp with mineral and rag 
fibre. All unbleached or partially bleached Rosm sized 

(7) Mixture of cotton and linen, wavy surface, bleached stuff, 
but not whitened with blue. The best is hand-made, sized with 
gelatine, piessed and kept m stock for many yeais to impiove 
“ tooth ” of paper The paper must be neutral, and consequently 
must be finished with no more alum than is necessary for the 
gelatine All chemical residue should be removed by caiefully 
washing the stock Paper must not be greasy to the brush, but 
firm and haid, and must expand as little as possible when wetted 
with colours Machme-made diawmgs are now more m use than 
formerly , these are made somewhat like caitndge papei, but 
from rags and gelatine sized The chaiactei of surfaces is got 
by means of special felts , except for very best work, machine-made 
drawings will suffice To save expense m the drawing-office, 
ordinary caitndge papei is sometimes made to do service for 
drawing papei Whatman’s drawing paper ol certain dates axe 
specially prized by some leading artists foi the charactei of tooth 
which these papers possess, which they say they have never seen 
imitated. 

(8) Made from strong mamlla, beaten out long with dull 
tackle and worked wet to give great strength, sometimes mixed 
with unbleached sulphite. Colour no object Well-sized with 
rosin Must resist moisture as far as possible. Strong un¬ 
bleached sulphite will do for inferior stuff 

(1) 60 per cent cotton j or, 60 per cent, straw 

40 „ linen \ 40 „ chemical wood. 

(2) 100 per cent, cotton 

( 3 ) 100 

(4) 20 „ unbleached sulphite. 

10 „ rosm size 

70 „ glutenous matter containing peat. 

t o uarts of alum added and three parts of starch to harden 
mass. 
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3 parts of losm 

Remarks—F oi composition of blottmgs, see Abstracts of papeis contained j 
S ociety of Aits Eepoit upon the Detenoiation of Paper 

Theie aie many receipts foi papei bowls, but the above is one which ha 
I belie\e, been e\tensnely used 

I haae given above a lecipe foi papei bowls (nand-bowls>), but it occurs 
me that calendei-bowls may be intended Foi the li*ttei pm pose new cotton 
black rags without chemical tieatment aie occasionally used, but perhaps the 
best paper is one made tiom unbleached hemp and possessing a peculiar perma¬ 
nent stietch w T hen passed thiougb the fingers 

Closeness of vatei lesistanee aie the gieat things with cable paper The 
paper must, of course, be a good insulatoi of electricity, and losm, of couise, 
tends to this 

QuESTroisr 8 — Given 10 tons of Spanish espaito of an average 
quality , how ivonlcl you pi oceecl to make an “ cnt” paper such as is 
used foi lugh-class magazine nolle ? State fidly the practical details 
to be observed %n each of the vai ious pi ocesses fiom the duster to the 
finishing house , giving a tabulated statement of the duration of each 
pi ocess and the pei centcige of the various chemicals , including loading 
and sizing , also the amount of finished papei you would expect to 
produce (30.) 

Answer 8 —The esparto is first of all opened up and passed 
through a “ willow.” It then passes over an endless belt, and is 
hand-picked. The “ willowmg ” and “ hand-picking” will result 
m a loss of G per cent 

The willow dust contains the following :— 

Water . . . . . G*2 per cent. 

Organic matter . . 61 6 „ 

Mineral „ 29*2 „ 

The organic mattei contains 90 per cent, of cuticular rosins 
and waxes The mineral matter consists for the most part of 
silica, chiefly derived from sand and dnt, and forms no part of 
the grass itself The following are particulars of boiling — 
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Weight of charge 50 cwt 

Gallons of caustic lye per charge . 1570 

Pounds of 60 per cent, caustic per gallon 500 

Total pounds of 60 per cent, diy caustic 900 

Maximum steam pressure 20 lbs 

Time under pressuie 2 \ hours 

Yield of unbleached pulp (air-diy) 44 per cent 

Yield of bleached pulp (air-dry) 40 „ 

The boiling is conducted m a vomiting boilei 

The cooked grass is washed by a special process, such as that 
of Cornett’s, so as to obtain the liquor m a concentrated foim 
ready for evaporation Time of washing, 24 houis. By this 
slow process the fine fibres are letamed. 

The grass is next bleached with 10 to 12 pei cent bleaching 
powder. 

Time of bleaching, four hours. The mass is heated to 
accelerate the action, but care must be taken not to heat too 


much. 

Sometimes the pulp is passed through strainers and over a 
“ presse-pate ” before bleaching, but as the “ presse-pate ” wires 
are now made to withstand the action of the bleach, this opeia- 
tioncan be done after the bleaching The “presse-pate” removes 
the greater bulk of the bleach liquor, and the strainer retains the 
knots and untreated portions. Any dirt escaping the strainers 
can be picked out by hand The stuff is now furnished to the 
heater, and a little antichlor added if necessary. The stuff is 
beaten rapidly so as to work “ fiee.” To the furnish, at the close 
of the beating, is added 5 pei cent long rag fibie, treated m 
another beater 25 per cent, of mineral can be added on tbe 
weight of dry stock, and the whole is sized with 2 to 3 per cent 
of rosin and alum. The size is added not only to size the 
paper, but to assist m retaining the mineral. To keep the 
mineral m the paper it is someti mes added to the rosm size It 
is veiy necessary that the paper should be free from grit and dirt. 

Paper of the above furnish would equal about 50 per cent 
the weight of raw grass taken Por the purposes of a modern 
“ art ” paper the web, after passing the drying cylinders, is 
enamelled by means of a brush machine The paste supplied to 
the paper contains barium sulphate, calcium sulphate, and a pro¬ 
portion of liquid glue This treatment adds to the finished 
weight of the paper to the extent of 15 to 20 per cent, the 
finished weight being from 5~ tons to 6 tons of dry paper for 
every 10 tons of Spanish esparto grass 



The bioke, made at the machine, and duixng the enamelling 
process, is, after disintegration, letnrned to the beaters 

With the very best plant 90 per cent of the soda can be 
recovered from the waste esparto liquors 

Remarks —If the papei is heavily enamelled it should carry less clay m the 
fmnish If lightly enamelled, it should carry moie clay The amount of rosin 
lequned is paitially dependent upon the amount of clay added With heavily 
enamelled papeis the coloui of the papei befoie enamelling is not material, as the 
coating of enamel alone is visible after tieatment If, theiefoie, a blue paper is. 
wanted foi the cover of a journal, the blue is added to the enamel and not to the 
paper furnish The conditions of boiling are practically those given by Bevendge 

Question 9 — Eiaminefho/ oughJij the question of engine-sizing 
with iosm ancl alum Give ijoui vieu of the mode of action of the 
size, both in the engine and in the papei. Givep/actical lecoinmen- 
dations foi pieparing and using the rosin size (25 ) 

Answer 9 —Rosm sizing is lesorted to either as a substitute 
for, oi m conjunction with, gelatine, where it is not necessaiy 
that the paper should be veiy hard sized 

It is used alone on printing papers and m conjunction with 
gelatine m low and medium-class writings. It is commonly known 
as engine-sizing, as the operation is generally peiformed m the 
engine, and to distinguish it from “ tub ” or gelatine sizing In 
the latter the size was formerly contained m a tub, into which 
the hand sheets were dipped 

Rosin, or colophomum, is obtained from the sap of firs and 
pines by a process of punfication It contams a mixtme of sub¬ 
stances of the nature of acids Their properties will he more 
fully described later. 

Rosm combines with metallic oxides to form salts, m which it 
plays the part of an acid These salts are called resmates In 
the case of the alkalies the resmates aie soluble m water, forming 
soapy solutions These are known as the 46 soaps of losm ” The 
lesmates of the other metals are mostly insoluble in water Rosm 
is considered by Dr Wurster to be lepiesented by the formula 
C 20 H, 0 O 2 , which is equivalent to a molecular weight of 302 It 
begins to soften at 120° Fahr and melts at 170°-200° Fahr, and 
contains about 10 per cent of water 

Rosm size is made by boiling rosm broken up (preferably 
powdered) with caustic soda, soda crystals, or soda ash, dissolved 
m water. The operation is performed m an iron copper heated 
by a steam coil. The reaction that takes place may be represented 
by the following equation — 

20 2Q H o 0 0 2 + Na.CO., = 20^*0 JS* + CO + H 2 0 



During the heating, carbonic acid is given off, and resmate of 
soda and water are formed. According to the above equation, 
100 parts of rosin would requne— 

17*54 parts of soda ash 
10 26 parts of sodium oxide 

One part of sodium oxide would equal 9 74G parts of rosm, or 
1 part of soda ash would equal 5 7 parts of rosm 

There are two leasons why these proportions are not adhered 
to m practice (1) The rosm always contains moisture, and (2) 
the best size is consideied geneially to be that which contains 
“ free ” losm 

If we take the moisture at 10 per cent, m order to produce a 
neutial size it would be necessaiy to use— 

1 of soda ash to-^-= 6 43 parts of rosm 

Aftei a large number of tnals I used 1 of “ soda ash ” to 7*65 of 
rosm, which gives a soap containing a considerable amount of 
“ fiee” rosm, and one which will keep well, and on dilution will 
form a clear milky solution 

The following is a good lecipe for making — 

1300 lbs. of rosm 
170 lbs of soda ash 
200 gallons of water 

The boiling will have to be continued for about seven houis 
Just before the finish the volume should be made up to 225 gallons, 
which is best done by having a mark on a stick, which, when 
held vertically in the solution and resting on the bottom, corre¬ 
sponds to 225 gallons 

Ten gallons of such solution contain— 

58 lbs. of rosin. 

7 6 lbs of soda ash 

The solution is a dark treacly liquid when hot, and can be filtered 
through fine wne gauze to free it from particles of dirt It 
becomes opaque on cooling, owing to the sepaiation of “ fiee ” 
rosm. After long standing some liquor separates out, which 
contains most of the colouring matter originally contained m the 
rosin, and some “ free ” soda. 

The following is an analysis of some size made after the above 
recipe — 



Combined rosm 
Free rosm 
Combined soda 
Free soda . 


40 30 per cent of weight 
14 37 
G 72 
1 34 


?? 


The specific gravity was found to be from 111 to 1 13 One 
gallon can therefore be taken as 11 2 lbs As the size contains 
54 96 per cent of total losm by weight, one gallon contains— 


11 2 x 54 96 
100 


= C 14 lbs. of rosm 


For eveiy 100 parts of rosm 26 1 paits are free It will be seen 
fiom the above that the size contains both “free” soda and 
‘ free ” rosm. It is possible that dissociation takes place on 
cooling, but is has not yet been proved to be the case 

The red liquor which separated out of the size was found to 
be alkaline, and to contain rosm. 

Its specific gravity, 1 0425. 

It contained 1 03 per cent, losm and 2 7 per cent soda. 

The liquor should be thrown away, as it is of a dark colour, 
and contains very little rosm 

It will be noticed that the amount of soda used m the 
foregoing recipe is insufficient to saponify the whole of the 
rosm, and yet the analysis shows that the size contains free soda. 
I am of opinion that no amount of boiling would induce the 
whole of the soda to enter into combination, even if the iosm 
be largely m excess Further, that it would be necessary to have 
a large excess of soda to ensuie that the whole of the rosm is 
in combination It follows, then, that size made according to 
recipes which vary somewhat from that which I have given, 
contains both “ free ” soda and “ free ” rosm 

Size which contains free rosm when diluted with water forms 
a milky white solution, from whence it receives the name of 
“ white size ” The solution is called “ milk of rosm.” 

When the whole of the rosm is in combination as lesmate 
of soda, so that on dilution it forms a cleai brown transparent 
solution, it is called “ brown size ” 

Wyatt, in his excellent paper on “ Sizing Paper with Rosm,” 
gives a recipe for the manufacture of brown size, the amount of 
soda being that theoretically necessary to just saponify the whr 
of the rosm I have good reasons to believe that this 
portion would not produce a brown size, as it would pro! 
show on analysis both “ free ” rosm and free ” soda 



states that it is not advisable to have more than 20 per cent of 
the rosm m the free state, as it is difficult to dilute the milk 
without some of the rosm appearing as flocculent particles, which 
affect the appearance of the finished paper 

That which I have found to give the best results contained 
as much as 26 per cent of the rosm m the free state. It 
seems that he assumes that the whole of the soda is m com¬ 
bination with rosm, and that the difference repiesents the free 
rosm 

Brown size may, for some leasons, be prefened to w T hite size 
It is certainly more easy to manipulate, and it is improbable that 
any spots of rosm should find then way into the paper White 
size has, however, the advantage of requiring less alum to 
piecipitate it 

The milk of rosin should contain from one to two pounds 
of size per gallon , it is advisable to dilute this further before 
adding it to the beater 

Some papermakers prefer to add the alum before the size, 
as it prevents frothing m the beater. It is best, m order that the 
size may he thoroughly incorporated with the pulp, that the size 
he added first, so that it may thoroughly penetrate the fibres If 
the alum be added first, the size is likely to be precipitated away 
from the pulp As, however, the sizing effect is generally 
acknowledged to be due, not to resmate of alumina, but to “ free 55 
losm which melts duimg the passing ol the paper over the drying 
cylinders, the older in which these ingredients are added may not 
be of so much importance I would piefer, however, to add the 
size before the alum, as I think it likely that a greater proportion 
of the rosm is retained m the pulp By the use of a large amount 
of losm in the pulp the paper is rendeied brittle, and loweied 
m colour Oui great object is, then, to produce the greatest 
possible sizing effect with the least amount of rosm. 

When alum or sulphate of alumina is added to the rosm-size 
contained m the pulp, so that it is just neutral to litmus, resmate 
of alumina and sulphate of soda aie formed thus— 

GGooII^OaNa "4" ALiS^SCh) = OlSlhnSCb -4- 

Nearly all the i osm-sized papers I have examined have been 
found to be acid to litmus ; and on comparing the amount of alum 
actually used m practice with that indicated by the above equation, 
it is often as much as eight times that necessaiy to form resmate 
of alumina, and is seldom below four times In almost all cases 
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I conclude the reaction which really does take place is as 
follows— 

G 0 ,oH 3 y0 2 Na+o Al 2 3 (S0 4 )+8 H 2 0 = AlS04-t“«l^a2S04 

This equation, after making allowance for 10 per cent of 
moisture m the rosm, and 50 per cent of moistme m commercial 
sulphate of alumina— 

Rosm : sulphate of alumina : : G70 : 686. 


A correction must, however, he made (1) for the fiee rosm 
m the size, which of course requires no alum } (2) for the soda 
m combination with rosm. 

The above equation supposes that the soda is m combination 
as lesmate of soda, and makes no allowances for any free losm oi 
fiee soda piesent m the size, 1 pait of sodium carbonate being 
equal to 5 7 paits of losm 

Supposing the size used is made according to the recipe given, 
and that the composition is the same as that given above, we can 
easily calculate the ratio of rosm to sulphate of alumina— 

636 

(1) By equation. 1 lb. of rosm equals = 1 024 lbs. of 


commercial sulphate of alumina 

(2) By equation also after assuming that the rosm contains 
10 per cent of moisture, 1 lb of soda ash is equal to 6 83 lbs of 
rosm 

(8) By analysis 1 lb of soda ash is found to be equal to 
7 61 lbs of rosm Therefore 1 lb of rosm would be equal to 

1 024 lbs X 6 33 r ^ . . . . A , . 

--= 0 8o2 lb of commercial sulphate of alumina. 


It will he found, however, m practice this quantity of sulphate 
of alumina is veiy much exceeded, and for obvious reasons 

As the treatment that the raw material undeigoes is thioughont 
an alkalme one, except in a few instances, we would naturally 
expect that the pulp has a tendency to be alkalme The alkalinity 
of the pulp varies considerably, and depends upon the amount 
of chemical treatment the material has received, but moie espe¬ 
cially upon the extent to which the chemicals used have been 
removed by washing. The pulp should give but a slight basic 
reaction if it has received a thoiongh washing m the bleaker. 
Sometimes the bleaching is conducted m the beater, and the 
excess of bleach has to be “ antichlored ” Both the bleach and 
antichlor used are strongly alkaline, and render the pulp distinctly 
basic The hardness of the water is another cause of alkalinity 
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Before the size can be propeily precipitated by the alum, it is 
necessary that the bases present in. the pulp should be neutralised 
Sulphate of alumina acts ‘ on the carbonate of lime contained 
in the water converting it from “ temporary ” into “ permanent ” 
hardness , that is, from carbonate to sulphate, thus— 

3CaC0 3 + A1 2 3S0 4 = 0aS0 4 + A1 2 (OH) 0 + GC0 3 


Carbonic acid is given off and hydrate of alumina is precipitated 
The weight of water m the chest is about twenty times that of 
the dry stuff. If we know the number of degiees of tempoiary 
haidness and the weight of stuff m the chest, we can calculate the 
amount of alum required pei ton of paper to neutralise the 
alkalinity due to the water In one case, m which 30 lbs of 
soap had been added per ton of paper, the amount of sulphate 
of alumina consumed per ton was as follows — 


30 lbs. of soap required 

Water m chest, &c, equal 7,000 
gallons, reqiuied 


Sulphate of alumina 
20° Tw solution. 
13 6 gallons 

20 4 gallons 


In another case the consumption was accounted for as 
follows — 


Per ton of paper 
7 gals of rosm size 
30 lbs of soap 
7,000 gals of watei 
Sulphate of alumina m excess 

Total sulphate of alumina 


20° Tw 

Sulphate of alumina 

sulphate of 

Percentage consumed 

alumina 

ol total put m 

6 83 gals 

15 3 pel 

cent 

4 55 „ 

10 1 


20 45 „ 

... 45 5 


13 12 „ 

29 1 

J? 

45 00 ,, 

100 0 

if 


This shows that of the sulphate of alumina used, only 15 per 
cent was required by the rosm size After making allowance 
for the curd-soap and alkalinity of the water, more than a quarter 
still remained m excess. Some of this, but only a small quantity, 
was used up m neutralising the bases present m the pulp The 
finished paper was found to give an acid reaction to litmus this 
I have always found to be the case with rosm-sized papers The 
dilution of the alum is so great that it is only reasonable to expect 
that more than the calculated quantity must be added to bring 
about the precipitation of the size 

The action of the alum upon curd-soap is the same as on the 
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losm size, forming an insoluble “soap” of alumina and the fatty 
acid of which the “ soap ” is composed These insoluble alumina 
soaps are often soft, and give to the paper a soft feel The 
excess of alum tends to make the paper hard, and the rosin to 
rendei it buttle, if present m sufficient quantity , the action 
of the soap has the reverse, and therefore a neutralising effect 

Remarks—T he above has been discussed at length, as the question demands, 
it, although of couise a student w ould not have time to go into the mattei so tuli\ 
The foregoing sets foith my views as the lesult chiefly of my own woik and 
experience The student might reasonably be expected to treat the que&tion m 
the same spmfc (For fuithei information, see Beadle, Papermaker, 1892, 
pages 347, 40b, 407, and 464, fiom which the abo^e answer has been condensed ) 

Question 10 —State yoiu opinion of the um it of Anna ndaW s 
improvement m the machine for the imparting of “ hand-made ” 
characteristics to the web in process of formation on the wire Dis¬ 
cuss the difficulties %n the way of its successful adoption , and state in 
icliich class of paper you consider it will yive the best results (13 ) 

Answer 10.—Annandale’s idea is to get the fibres well mixed 
together One great drawback of machine-made papers would be 
overcome to a large extent if this method could be applied 
successfully Machine-made paper tears moie leadily m the 
direction of the web than across the web, due to the fibies 
anangmg themselves m the dnection in. which the machine is 
running In Older to arrange the fibres m all directions the 
material must be shaken equally both lateially and longitudinally 
This is possible on hand-made paper, but not on the ordinary 
Fourdnnier machine Annandale’s method requires a good deal 
of alteration to the machine to make it workable Such a pio- 
cess is desnable m the manufacture of high-class papers which 
should expand and contract uniformly *with changes of atmo¬ 
spheric influences. It is desirable also for paper used for 
water-colour drawings. 

Question 11.— 

Let A = the area of a sheet of pure cellulose paper m square centi¬ 
metres 

T = tfuclmess of a sheet in terms of centimetres 
S = specific gravity of cellulose . 

the weight of the sheet in grammes . 

W 

What do you tale to be the meaning of the expressions 
API 

and — cr and how would you bring the quantities so repre - 

sented into practical use m the mill 2 (25.) 

VOL. II G 
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Answer 11 — 


W 

A.T. 


is the weight in grammes per centimetre, 


the reciprocal is the volume in c c per gramme of the paper m 
centimetre 

The first expression has some useful applications ; we take, 
for instance, a sheet of blotting paper, measuring 50 centimetres 
square, weighing 0 450 grammes, and having a thickness of 
inch, when measured, by means of a micrometei As 25 
millimetres are equal to one inch, the thickness of paper m milli- 
15 X 9 5 

metres is as follows = 0 375 millimetres The bulk of 


this amount of paper, therefore, is as follows 50 x 50 X 0 87 
= 925 cubic millimetres, or 0 925 cubic centimetres 

We now know the exact weight and bulk of the piece of paper, 
from which we can calculate the number of grammes weight per 


centimetre cube, by making use of our first formula 


0 450 
0 925 “ 


0-4SG 


giammes per cubic centimetie 

The most simple application of this figuie is to find the weight 
of a cubic foot ol paper. We now know the grammes per cubic 
centimetre of the papei m question , we also know that one 
gramme of water is equal to one cubic centimetie ; we further¬ 
more know that one cubic foot of water is equal to 62 5 lbs 
weight. All that we have to do now is to multiply 62 5 x 0 486, 
which gives us 30 4 lbs of papei pei cubic foot 

By the same method a sheet of cartridge paper is found to 
weigh 1 17 grammes per cubic centimetre A cubic foot of this 
would therefore weigh 62 5 X 1 17 = 78 lbs 

This method of procedure is useful m a paper mill for taking 
stock m the salle of stacks of paper at stocktaking time, and for 
similar purposes 


Remarks —By a similai method we find that a cubic foot of chemical wood 
pulp weighs 39 lbs , or that a cubic centimetie weighs 0 62 grammes We know 
that the specific gravity of the fibre is 1 5, which is only another way of saying 
that 1 cubic centimetre weighs 1 5 giamme The actual volume occupied by the 
fibre itself, togethei with the volume of air space suuoundmg the fibie, can now 
be leadily deteimined The volume occupied by the fibre is as follows — 


0 62 X 100 
1 5 


= 41 4 pei cent 


The air space, of course, is the difference between 41 4 and 100, which is 58 6 
pei cent. The bales of pulp consist, therefore, as follows — 

Chemical fibre by volume ... ... . 414 per cent 

Aii space by volume ... .. ... 58 6 „ 
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The volume percentage of difieient papeis afioids us useful mmimation 
With blotting and filtei papeis it gives us an expiession of absorbent qualities 
On the othei hand, when the percentage bv volume of fib» e and otnei mgrea ents 
is high, and consequents the percentage by volume of an space is low, tne 
peicentage by volume of solid mgiedients anorcL us a dneet expression of 
hardness, compactness, resistance, &c Tne influence of mmeial matter upon the 
specific weight of a papei nas alieady been dealt with m ansvermg Question 9, 
Oidmaiv Giade 

AT 1 

I leave the students to find out for themselves the meaning of — g 

Question 12 — What mstr action s would you gue to ike heater - 
mail in regctnl to Hashing , breaking in , and beating of (1) Manilla 
ropes foi strong cat tridge paper, (2) *oft cotton* for superfine print- 
mgs , (3) linen thread for bond papei* ? Give the percentage of 
bleaching powder you would eipecr to use in each case (25 ) 

Answer 12 —(1) Manilla ropes should he washed well and 
drawn out befoie putting to bleach , mill well, but do not lower 
the roll too rapidly or the fibres will be shortened 

(2) Soft cottons Wash well for two houis and until wash- 
water is clear of dirt The bleach must nob be added until the 
wash-water is clear 

(3) Linen thread Lower the roll very slowly unless the 
thread tends to roll up m a bundle m front of the xoll, if so, 
grip it well until it begins to open out ; ease off as soon as it 
begins to behave nicely, and keep fibres long and as well milled 
as possible 

Manilla ropes require 5 to 6 per cent, of bleach ; cottons, 
2 per cent ; linen thread, 3 to 4 per cent. 

Question 13 — Give a method for lapidly analysing the machine 
bcicJc-wate) in legard to suspended fibrous matter and sulphate of 
alumina (in solution) Descnbe any modem appliance* you know 
fo? separating suspended fibres from waste waters. (25.) 

Answer 13.—Take a given volume of the back-water m 
question; for instance, 100 cc, care being taken that sample 
is measured whilst all the suspended matter is held up m the 
solution Place a filter paper m an air bath at a temperature 
of 105° Centigrade When paper is thoroughly dry, weigh it in 
a weighing tube , then filtei the back-water through the papei, 
dry it at 103°, and weigh Ignite on a platinum dish, and deduct 
the amount of ash. found from the weight found m suspension. 
The difference between these two figures approximately represents 
the fibrous matter m the back-water When 100 cc of the 
solution is taken, the weight found m gi amines gives the 
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percentage of diy fibre m solution without any calculation 
This figure divided by ten would give the weight in pounds per 
gallon 

To the filtered solution add a drop of hydrochloric acid, boil, 
add ammonia, boil until the smell of ammonia has disappeaied, 
filter, wash, ignite, and weigh the precipitate so formed. This 
precipitate is alumina If you are using a sulphate of alumina 
containing IG per cent of alumina, you have merely to multiply 
the weight of the piecipitate m grammes by seven to arrive at 
the amount of commercial sulphate of alumina present m the 
back-water. 

The appliances used for separating suspended fibies from 
waste waters are as follows *— 

(1) Otto Schmidt stuff-catcher. 

(2) Ordinary revolving conical “saveall.” 

(J) Eocknei’s patent clarifier 

(4) ‘Wilson’s patent automatic self-cleansing filter 

(5) Greig’s patent filtering apparatus 

(6) Reeves’ patent filter 

(7) The Wairen filter 

(8) The Dervoux water-purifier 

(9) Johnson’s and other patent filter presses. 

(10) Large piecipitatmg tanks 

1, 2, 3, 8, and 9 aie used where it is desired to re-utilise the 
fibies for papermaking 

4, 5, 6, 7, and 10 are used tor the purpose of clarifying 
effluents wheie the small amount of fibre caught is of no value. 

Remarks —As a lapid method is asked foi in this question, there is no good 
in attempting to descnbe a really accuiate method for the examination in the 
back-watei, as any accuiate method would requne a consideiable time The 
suspended fibious matter caught on the filtei contains, m addition to fibie, losm, 
starch, &c To lemove the rosm it would be necessary to tieat the dued lesidue 
m a fat-extraction appaiatus with boiling absolute alcohol On rediymg the 
residue, the diminution in. weight lepresents losm Tieat with weak acid and 
again weigh, the staich is now lemoved If the mmeial contained in the 
suspended residue is “pearl haidening,” the acid will dissolve the mineial matter, 
if it is clay, it will be left behind with the cellulose Now filter the solution 
back into the ougmal filter-papei, wash thoroughly fiee fiom acid with boiling 
water, dry, and weigh as befoie The lesidue now contains the fibie, less iosm, 
starch, and peail hardening, but contains the clay if any is present Ignite the 
lesidue, deduct the weight of the ash , the diffeience repiesents the weight of the 
fibious matenal The alumina is precipitated by adding hydrochloric acid and 
then ammonia to the original back-watei as above described It is leadily seen 
that it would not do to deteirmnate the sulphate of alumina by estimating the 
amount of sulphate present, as sulphates aie present in the back-water fiom other 
causes than alum or sulphate of alumina They may eithei be due to the 



peimanent fcaidnes^s oi the ^atei itsel 01 to tae presence <r pe^ri haidemng m the 
solution It is safest, therefore, unless Uo.y t lat sa^p^u^es a*e nut mesent 
m other foims, to rind out tae amount or sulphate of ->lum na ay precipitating 
the alumina A detailed analysis of tae oac^-v ntei can o^ir oc cained out b\ a 
skilled cnemist 


THE MANUFACTURE OF “ ART ” PAPER* 

Question 8 (Honoms). 

4 To the Editor of Paper and Pulp. 

“ I am sure all the readers of youi popular paper have 
been more than gratified at the excellent answers given by Mr 
Beadle to the questions on papei making, and while realising all 
the difficulties m endeavouiing 10 answer these questions m a 
concentrated form without going into details, there aie numerous 
portions of his answers quite open to candid criticism I intend 
taking into consideration m this contribution Question No 8, 
Honoms Grade, which is very interesting to one and all of ns, 
and I think Mi Beadle might have given us a little more of 
an up-to-date answer ; m fact, regaidmg the latter part of the 
question, he is painfully at sea This I will lefei to later on 
Question S comprises two distinct blanches of the papermakmg 
industry—paper making, and the after-process of enamelling In 
many cases both industries are combined m one factory, while m 
others the latter is a distinct concern altogether In such cases 
it will be difficult to find a student vho would have the oppor¬ 
tunity of studying both processes, and very little chance of obtain¬ 
ing information trom text-books In setting a question like this, 
the examiners ought to have studied it out more carefully, as, to 
a certain extent, it shows ignorance of the practical details of a 
process. This also I will lefei to latei on I intend making a 
lengthy contribution on this question, which may assist those 
who have not opportunities of studying both processes, confining 
myself solely to No 8 Question 

64 There are various processes for the treatment of esparto 
after boiling, but what I intend refeumg to is one quite adequate 
for the making of paper suitable for enamelling purposes The 
quantity of Spanish espaito to be treated is 10 tons, and this 
we will treat m foni boilings of 50 cwts each. 

“ Willowing, couaioxly called Dusting —The grass 
dustei of to-day consists of a revolving conical drum fitted with 
spikes, coveied with a casing of stout sheet-iron, made easily 



86 


lemovable, and on the top, inside this casing, is a parallel bar 
fitted similarly with spikes The bottom consists of a dust 
sepaiator formed of wronght-iron rods or grids, finely pitched, 
to which is connected a dust-pan capable of removing the dust 
and grit from the grasses. At the discharge end of the dustei 
is a revolving rake, which delivers the grass to a link chain 
elevator and conveyor, discharging it light into the filling door 
of the boiler The bales of esparto, sixteen to eighteen m 
number, are arranged alongside the duster, the bands are le- 
moved, and the sheaves are fed into the hopper, where they are 
disintegrated by the spikes of the revolving drum being brought 
m contact with the spikes m the stationaiy bar To dust and 
fill a 50-cwt boiling of grass m this manner does not occupy a 
period of more than 40 minutes 

“ Boiling —There are many forms of grass boilers, but it is 
a recognised fact that the most suitable boiler for the treatment 
of esparto is one of the Sinclair system. These boilers use less 
soda, and boil the esparto more regularly and quickly than any 
other stationary boiler now m use The circulation is all that 
can be desired On the top there is a douche chamber, the full 
diameter of the boiler, and the circulation is effected by con¬ 
ductors riveted to the inside shell of the boiler ; underneath there 
is the necessary false bottom for draining liquors and washing 
waters Taking such a boiler as Sinclair’s, the steam pressure 
generally used is from 40 to 50 lbs , and the time m boiling 
varies from two to two and a half hours In most espaito mills, 
lye made from recovered ash is used, making up the loss m re¬ 
covery with 70 per cent, caustic, and, if profitable to make into 
lye, alkali (58 per cent) is used. Mi Beadle states m his answer 
900 lbs (60 per cent.) I infer from this that the lye may be 
made from 70 per cent caustic, but that the quantities are ex¬ 
pressed m terms of 60 per cent. With Sinclair’s boiler very 
good results can be obtained by 18 per cent of 70 per cent 
caustic, or, say, on a boiling of 50 cwts —735 lbs , or, taking a 
lye of 10° Twad. at the normal temperature containing 4 61 per 
cent., 70 per cent caustic—3 - 18 per cent. I7a 2 0, we would have a 
volume equal to 1,595 gallons If I were to use the espaito for 
a fine writing, I should add 7\ per cent more , but as m our 
case little suiface is required, the quantities I have stated are 
ample. Sufficient care must be taken that the volume of liquid 
m the boiler be such as to pioperly cover the grass; hot water 
is often added After the requisite amount of caustic lye has 
been measured—this is generally done when filling operations 
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aie concluded, otherwise the grass will always have a tendencv 
to have a hard top—the lid is closed down, and, the desired 
piessure having been attained, the boiling is continued foi a 
period of from two to two and a half hours The steam valve 
is now closed, and the steam lemaming m the boiler is exhausted 
into a tank containing watei. which, "after the strong spent lye 
is drained from the glass, is used foi scalding purposes The 
filling lid is now removed, and the strong spent lye is drained to 
the storage tanks m connection with the recoveiy depaitment 
In many cases the lye is blown off with from 3 to a lbs steam 
piessure on the boilei, hut this is not advocated where the 
Chapman or Yai Yan evaporator is in use, owing to the finely 
divided fibre leaving the boiler along with the lye, which, if not 
carefully strained, finds a resting-place on the inside of the evapo¬ 
rating tubes, and materially affects the results Hot water is now 
introduced into the boiler—sufficient to cover the grass—and the 
pulp scalded for fifteen minutes, forming the first weak liquor 
This is diamed to the evaporating plant, as is also a second weak 
liquor Mi. Beadle mentions the washing of the glass by the 
subsequent return of weak liquors This is all veiy well, so far 
as concentiation of the volume of lye to he treated by the re¬ 
coveiy plant goes, but it loweis the colour of your grass, and, 
where colour after bleaching is a dire necessity, then nothing 
beats clean water It is just the same as trying to make clean 
white clothes with dirty washing watei I have tried both Con¬ 
tinual washing with cold water is the next operation, the boiler 
being filled with water, after which the diam-valve is paitly 
opened, sufficient clean water being added to equal the volume 
discharged by the dram-cock, always maintaining as nearly as 
possible the same head of water m the boiler. One and a half 
hours are sufficient for washing purposes, and the grass is now 
allowed to dram and made ready for emptying A period of 
fiom eight to nine houis has elapsed since we started the dusting ; 
it may be done more quickly, but, to give everything its time, 
theie is not much time lost m having a boiling of esparto ready 
in eight or nine hours ; that is, piovided outlets aud draining 
pipes"are capacious. Spanish glass treated m this manner is of 
bright yellow canaiy colour. 

u Bbeakixg and Bleaching —The boiled esparto emptied 
into boxes is transferred to the breaking and bleaching depart¬ 
ment, and may be treated by the Cornet system, but the process 
which most readily presents itself m our case is the ordinal y 
Hollander, which acts the part of a bieaker and poacher as well 
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These may be of any capacity from 000 to 1,200 lbs diy stock , 
the latter size I think is the most desirable The bleaker ought 
to be well dished m the casting, a well-filleted backfall, and low 
breast The roll may only be fitted with paddles, but m many 
cases oidmary bars suffice This style of breaker ought to be 
fitted with two drum washeis made of mahogany, covered with 
hexagon brass backing, and covered with ordinal y biass wirecloth 
ot GO to 72 mesh The idea of the two washers is, one to remove 
the washing watei, and the other the spent bleach The grass 
is now introduced into the bieaker and further washed with 
clean water for a period of twenty minutes , generally the spent 
bleach liquor is used along with the water, which assists m getting 
up the colour moie quickly, after which the desired quantity of 
bleaching liquor is added. The density commonly used vanes 
fiom G° to 6i° Twad at normal fcempeiatuie, containing 1 94 per 
cent of available chlorine, oi 0 54 of bleaching powder, testing 3G 
per cent of available chlorine. Taking one ton of esparto (un¬ 
boiled weight) representing half a ton as near as possible boiled, 
which would be sufficient for one ot these bieakers, a very good 
colour will be obtained by the addition of 2GO gallons m one and 
a half hours’ time, the bleaching being assisted by the aid of heat; 
but this should never exceed 100° to 110° Fain The drum 
washer for removing the spent bleach is now let down on the 
stuff, and clean water is introduced and kept continuously running 
for forty minutes or so ; the spent bleach is run into a tank, from 
which it is pumped back to the mill foi further operations. Then 
the stuff is fuither washed until remaining traces of bleach have 
been removed, the other washer at the time being used A little 
antichlor is now added, and the stuff let down into the presse-pate 
chest, the bleaching and washing operations having occupied 
fully a penod of four hours You will find the colour of the 
stuff goes back, but it is a fine, natural-looking colour, slightly 
creamy m shade 

“ Pbesse-pIte —This is essentially the wet end of a paper 
machine, consisting of two stuff chests, three or four strainers of 
the diaphragm pattern, an auxiliaiy of the jog pattern, stuff and 
back-water pumps, two suction boxes, wire frame and its acces¬ 
sories, couch, and m many cases a pair of press rolls Sand-traps 
are essential, as they prevent grit passing forwaid in the stuff 
The strainer plates are wider m the cut than the plates used at 
the machine, usually from to 5 cut, Bertram or Watson’s 
gauge. If proper care be taken m the washing of the stuff, little 
or no difficulty will be experienced with the presse-p&te wire, and 



in many cases these have lasted fiom nine to ten months The 
stuff, or half-stuff as it is now called, is xeady foi the beatei, and 
nothing can be better than the ordinary Hollander, with roll and 
plate made from good Swedish Bessemei—charcoal mgots The 
formation of the beater ought to be the same as tne breakei, well- 
dished sides and well-filleted backfall Capacity not less than 
GOO lbs dry stnff Good speed is essential, and the roll should 
not travel less than 2,00o feet pel minute, the distance being 
taken on the periphery on the cutting edge of the bar Different 
substances require diffeient beating , that is, the thinner the 
substance the longer treatment it ought to get, brushing the 
fibres well out, keeping them fair m length, at the same tune 
making them wet enough so that they may carry the water well 
on the wire. Thicker substances requne sharp treatment, and on 
no account ought the stuff to be allowed to sludge about the mill, 
making it wet and gieasy at the machine, as the stuff is more 
likely to stick at the pi ess roll Always maintain a fair strength 
m the fibre, and there will be no fear of trouble afterwards The 
sizing is most important, and on no account must the paper be 
soft Yery good results are obtained with the addition of 44 to 
5 per cent sulphate of alumina and 2 per cent rosm The Idea 
being not only to size fibre and loading together, but to put the 
paper m such a condition, that when the enamel is applied it will 
not lift when under the influence of the printer’s blocks In 
many cases, when the paper is not of the quality it should he, 
the enamel adheres to the blocks, and lifts it completely away, 
bieakmg the surface of the papei The mineral added should be 
china clay, owing to its finishing propeity, and m a really good 
art paper should not exceed 18 to 20 per cent on the weight of 
dry stock. Yery little colour is added to the stuff m the beater, as 
geneially the colour is matched in the enamelling ; a little blue 
and red is added, with a view to brightening, but never to any 
excess. The stuff, aftei four hours’ beating, which may be taken 
as an average, is let down to the machine chests, and is ready for 
making It is passed over the sand-traps, through the stiamers, 
both sets of pi ess rolls, smoothers, hut little calendering ; a smooth 
surface is wanted, hut no finish to speak of, as on the application 
of the enamel, and the blushing, the eoatmg will run, causing 
streakmess. The paper on reels is now taken to the slitting and 
winding machine, where it is slit into widths suitable for the 
sizes ordered—if double crown, 304 ieels , double demy, 154 
reels, &c ; half an inch is always allowed, as the art paper is 
always trimmed before being baled up, owing to what is termed 
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a thick edge I do not know of any instances of paper leaving 
the cylinders of a paper machine and being transferred to a coa£ 
mg machine right off Fust of all, the web would not always be 
of a suitable size for the coating machine Secondly, the speed 
of the paper machine would not coi respond with the speed of the 
coating machine Thirdly, a high-class art paper is coated on 
two sides separately, not m one operation, which necessitates the 
reel being brought back and recoated on the underside There 
are double-coatmg machines, but the speed and width of a paper 
machine makes it impossible to have such an operation carried 
out, and, lastly, it would be impossible to have a level coating, 
which is most necessary. The paper m reels is taken to the 
coating department and the enamelling applied 

“ The coating machine consists of a cylinder or drum, varying 
from three to four feet m diameter, which acts as a support to 
the paper as well as a earner when under the influence of the 
brushes The colour-box is made of copper, and is arranged so 
that heat may be applied—m order to keep the colour always at 
the same temperatuie The coating is applied to the paper by 
means of a vertically-running felt, which does not pass through 
the colour-box, but to which the colour is transferred by means of 
a copper roll lunnmg in the box, the amount of coating so trans¬ 
ferred being legulated by the degiee of pressure of the felt 
against a paiallel roll between which the paper passes The dis¬ 
tribution of the coating is effected by means of five or seven 
brushes, the bristles being so selected m quality as to become 
softer and softer m succession. The brushes woik with different 
motions, some being stationary, others moving to and fro side¬ 
ways, the latter motion being supplied by cranks all fixed on one 
shaft and driven by belt At the end of the coating-machine is 
generally fixed a pneumatic suction-table, on to which the now 
coated paper passes This table acts as a drawer, and prevents 
the paper slipping on the dium, after which it passes on to the 
drying appaiatus This apparatus consists of a system of endless 
chains, on which are carried sticks, the paper hanging from these 
sticks m loop foim, and is subjected to a temperature varying 
from 80° to 00° Fahi If the drying-room is not long enough 
this apparatus is fitted with a turntable, which takes the sticks, 
descubes with them a semi-circle, puts them in turn on to letuin- 
mg chains, and finally delivers them into a self-taking and 
removing apparatus, the coated paper passing on the reeling- 
machine. After the reel is of sufficient size it is taken off, and, m 
the case of a high-class 6 art,’ is recoated on the opposite side As 
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a xule, part of the day is devoted to coating one side, and the lest 
the opposite side The coating or enamel consists of a mixtme of 
satin white, blanc fine, enamel or chma clay used m various 
pioportions according to the desned finish Gelatine is added to 
the mixtme to size, in order to prevent the coat from lifting when 
printed The speed of coating vanes according to the width of 
reel coated, but an average may be taken at 80 to 1 feet, and 
m some cases at the speed of"l4u feet As to the amount of 
coating applied, it is ]ust here that Mr, Beadle and the examiners 
have gone wrong It is impossible to state the gam per cent, as 
it may be anything Surface colour is applied so many pounds 
for so many sqnaie inches, but it is impossible to take 3 tons of 
paper, coat it, and then state what the added weight to the 
finished paper would be per cent We will take two examples 
for demonstiatiou We have 5 tons of body paper, and have two 

orders to execute The size of the sheet "to be demy, 18 x 23 

(art size) In the first case the substance of the ream is 20 lbs 
before coating, and 5,600 lbs of paper is allotted for this order 
In the other case the size of the sheet is the same, but the sub¬ 
stance of the ream is 60 lbs befoie coating, 5,0f»0 lbs of paper 
being also allotted for this order Whar is the percentage of 
added weight to the finished paper 5 We will increase the weight 
of these substances by the addition of 10 lbs of enamel per leam 
of demy, that is, the 20 lbs will become 3o lbs and the CO lbs. 
70 lbs aftei coating 5,600 lbs will lepiesent m reams of 20 lbs 
demy, 280 To each ream is added 10 lbs , that is, on 280 we 
have added 2,800 lbs of coatmsr, the total weight of body paper 
plus enamel being 5,600 + 2,800 = 8,4oo lbs finished weight, oi 
that the weight of the paper has been increased by 50 per cent 
“ Take the other substance 5,600 lbs will represent m reams 
of GO lbs. demy, 93J To each ream is added 10 lbs , that is, on 
‘)3j reams we have added 933 lbs of coating, the total weight of 
body paper and enamel being 5,600 4- 933 = 6,533, or that the 
weight of the paper has been increased by 1C 6 per cent. In 
these instances I nave disregarded broke for the sake of calcula¬ 
tion From what I have said you will notice it would be im¬ 
possible for a student to give a direct answer to the latter part of 
the question, as his gam might he anything. ‘Five tons ot 
paper ’ is not enough for that question; you must have other 
data to go on. If the examiners had put it Five tons of paper, 
representing so many reams m double-crown or royal, etc , sub¬ 
stance before coating being given, what would the added weight 
be to the finished paper per cent. ? then there would be some 
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sense m it, but there is none in its present foim. The paper 
after coating is transferred to the calender-room, where it is 
glazed The most modem calender consists of eight rolls of 
papiei-mache and chilled iron airanged alternately As a rule, 
where an extra high finish is wanted, the coated paper is lolled 
twice, first the under side and then the top side Pionnnence of 
the wire-mark on the undei side must be avoided, as it leads to 
bad printing To obviate this, additional coating is always applied 
to the under side, and extia ealendeimg is often required After 
cutting into the desned size, the paper is transferred to the over¬ 
hauling 100 m, where m the hands of expeit sorters all defects are 
lemoved The most common faults to be found m coated papers 
are faulty and miscolouied sheets and creases from calenders, 
which aie considered eveiyday occurrences Pieces of hard 
enamel which adhere to the suiface of the papei are the most 
serious objection When any undue picssure is used in printing 
with process blocks so that the prints may be clear, these hard 
lumps have often a tendency to destroy or make faulty the block 
After sorting and finishing, the ieams are taken to the guillotine, 
where the ripped edge is trimmed. This is done to remove the 
haid edge, which consists of enamel, and which is obtained from 
the drum while the paper is m process ot coating. The paper 
after trimming is tied up and ready for despatching Taking 10 
tons of good Spanish esparto, and following the different pro¬ 
cesses as I have described them, I should expect at least the 
following result 10 tons espaito—equal to 22,400 lbs—with the 
addition of 5,000-5,600 lbs of china clay, ought to produce 14,800 
lbs of paper. The percentage loss at the ripper would be about 
per cent, and, as neai as possible, the amount of paper sent to 
tlie coating-room would be 6 tons To ascertain the percentage 
gam by coating, we must assume a size and weight before coating, 
then calculate the added weight to the body-paper To show 
leally what the finished weight would be, we will take it m two 
substances and weights—say, quad crown, 30 x 40, and loyal, 
20 X 25 Taking the quad crown first, and assuming the un¬ 
coated weight to be 60 lbs per xeam, 6 tons of body-paper would 
represent 224 reams, to which we apply 30 lbs of enamel per 
ream This would make the weight added 6,720 lbs , and 13,440 
lbs. + 6,720 = 20,160 lbs finished weight altei coating, or equal 
to a gam of 50 per cent Taking a loyal art board 20 x 25, sub¬ 
stance of 80 lbs a ream before coating : m the 6 tons of paper we 
would have 138 ieams, aud the weight added per leam is 12| lbs 
On 138 reams we would add 1,725 lbs , making the total weight 
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finished 15,15(3 lbs , equal to a gam of 28 per cent Now, it you 
look into both results you will find that the finished weight from 
the 10 tons of esparto m the quad crown example would be 9 tons, 
while m the royal it would only be 6 tons 16 cwt 

“With regard to tinted enamels, the body-paper is white, the 
tinting is added to the colouring. 

“ As to soda recovery, I reckon it would take a most up-to-date 
plan to recover 90 per cent As far as I know, 75 per cent 
seems to be about the highest point attainable, and if 90 per cent 
is recovered, the extra cost m evaporation and manipulation of the 
lyes will not be covered by the extra peicentage gained. 

“I trust I have made the contribution interesting, but I only 
write this with the view of showing how mistakes can be made m 
putting such a question 

‘A Reader ” 


SOME CRITICISMS. 

C F Cross 

“ I have read with a good deal of interest your issue of Octobei 1, 
1901, and considei that Mr Beadle has done a veiy difficult piece of work 
with his usual thoroughness The onb> misstatement of fact which I have 
noticed is on page 694, in dealing with the precipitation of the oigame oi 
sulphonated derivatives from wood liquor Mr JBeadle does not seem to 
be familial with C D Ekman’s woik on ‘Dextrone ’ I think the tieat- 
ment of the questions is excellent, and there is no doubt voui papei has 
done good seivice m getting Mr Beadle to take on this no\el office ” 

George Clappeeton 

u I think the Ordinary Grade has been very well handled indeed ” 
FlIChard Barton 

c I am pleased to see Mr Clai ton Beadle has taken this up, and I feel 
confident good will come of it 1 have also to thank you for the help to, 
and the inteiest you have taken m, the Technical Classes ’ 

Workmen 

“ Pleased to see your announcement ?e special articles on examination 
questions by Mr Beadle It speaks well for the progressive and enter¬ 
prising character of your journal ” 

£ Paper Mill Worker, 

“ Bolton.” 
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“ Allow me, on behalf of self and filends, to congratulate you on voui 
idea foi having the lecent examination questions answered by such a 
well-known technical and piactical expeit as Mr Clayton Beadle The 
questions have been caiefully diawn up, and the answeis will be of great 
value to manufactuieis, manageis, students, and also teachers 

u Walter T, 

“Lancashire.” 

“ Youi valuable journal seems intent to dll up the position of a leal 
technical and piactical journal foi the trade by the proposed new featmes 
of articles by Mi C Beadle on the questions set at the lecent examina¬ 
tions in papennakmg These will be of gieat assistance to students and 
teacheis, as well as to the membeis of the tiade m geneial Wislnug 
jo ui papei eveiy success in youi new depaituie 

u Student 

u Deihyshne ” 

£ * I notice that m the last issue of your journal you aie publishing the 
questions set at the last papei makers’ examination, and answered by 
Mi Clayton Beadle I am veiy pleased indeed to see that you have 
taken a step m that dnection, and one which I believe will be welcomed 
by many such young fellows as myself m the tiade 

“ Bury 19 

Question 7. 

“ I should like to ofitei a few lemaiks on Mr. Beadle’s furnishes foi 
some of the papeis mentioned m Question 7. 

“ (3) With legaid to filtei-papeis foi quantitative chemical woik, he 
gives the furnish as all cotton 1 had always undeistood that the best of 
these papeis weie made fiom all oi neaily all linen lag, and I know 
of a mill m Sweden who make one of the lmest filtei-papeis, and they use 
nothing but linen 

“ ^5) Litho and fine piintmgs Would not espaito give a better litbo 
paper than soda wood 9 Soda wood will certainly make up into a good 
pimtmg papei, but it does not equal esparto. 

“ (6) Caitndges This class of paper is a veiy laige one, and may 
mean a paper fiom 2 \d to 5 d pei lb Some aie made all wood, and 
I have made some all bagging, and again have made them all good, clean, 
mixed, old, and new rag, hut the furnish given can haidly be called 
a lepiesentative one, and it seems very peculiar to load a papei up to 
20 pei cent after using such a remaikably good furnish By unbleached 
cotton and unbleached linen, does Mi Beadle mean a new unbleached 
rag, or an old rag which is to be used without being bleached 9 

Questions 8, 9, and 11 

“ Question 8, Ordinary. —I notice that Mr Beadle gives the furnish 
foi news as contaimng 10 per cent of clay I have burnt several samples 
and cannot find this amount of clay, and I have nevei heard of moie 
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tlian 3 to 5 pei cent being put m, and always thought the general practice 
was not to put in any loading all all Would a paper containing 75 per 
cent mechanical stand 10 pei cent loading 

“ Question 9—Has Mr Beadle stated this sum conectly 9 Worked 
out as it is printed the answer does not agree Should it not be as 
under ? 

7 x in y 1000 ^ (11 x 5) _ 

X 1000 

“Question 11—Is Mi Beadle senous m saying that the oil fiom 
animal-size making is used for manure 43 It fetches a good price, and 
if kept clean is often sold foi ovei £20 pei ton 

c Superfine ’ 


China Clay in Newspapers 

“ In common with several others I have evidently misunderstood Mi. 
Beadle I undeistood that the 10 per cent loading referred to the amount 
m the finished paper, but he meant it as 10 per cent added to the engine, 
■which makes a consideiable difieience His figuies giving the ash in 
different papeis are very inteie&tmg, but only ten out of the nfteen 
samples earned over 5} per cent, and the average of the ten lowest is 
only 4 per cent 

“On Mi Beadle’s figures the average of 5 7 per cent ash requued 
9 7 per cent of clay added to the engine, which is a retention oi only 
59 per cent It is a well-known fact that the larger the amount of loading 
added, the smaller is the jreicentage of the quantity letamed m the paper, 
and yet Mr. Beadle says that 14 pei cent clay added to the engine -would 
cany 10 per cent of ash I should think that it would be necessary to 
add something like 30 per cent to the engine to cany 10 per cent ash 
I did not dispute that a newspaper might cany 10 per cent ash, but that 
a paper containing 75 per cent, mechanical and only 15 pei cent, chemical 
wood would carry 10 per cent, and this I still can hardly understand 
Perhaps some of your readers who make common news can say 

“ Superfine v 



X. 

CITY AND GUILDS OF LONDON INSTITUTE EXAMINATION 
ON PAPER MANUFACTURE. 

ANSWERS TO THE 1902 QUESTIONS. 

When first reading through the questions set by the examiners 
I was appalled at the large amount of ground which these 
questions covered. To many of the questions I found it extiemely 
difficult to give anything like adequate answers—m fact, it would 
not be possible to give an answer to some of them which would 
not be open to considerable criticism. On first looking through 
the questions, and making an attempt to answer them, I was on 
the point of giving the work up m despair I fear I should have 
been compelled to do so if it had not been foi the generous 
assistance which was accorded me. It is one thing to set a 
question, and another to answer it in a satisfactory manner, 
especially to those who aie familiar with the subject. In many 
instances I feel the weakness of my answeis, but I should be 
gratified if those who take the trouble to read them, and have 
special knowledge of the subject, would communicate their re¬ 
marks to the columns of Paper and Pulp Any criticisms of 
this sort would undoubtedly be mstxuctive to the leaders of this 
Journal. 

The plan adopted is as far as possible the same as last year, 
of first of all giving an answer to a question, and then making 
remaiks on the same It would be difficult to give a full answer 
to many of the questions An endeavour has been made to give 
a fair amount of information m answer to each question without 
going too fully into details, except m one or two instances where 
the nature of the question appears to call for more detailed 
description. I have to express my indebtedness to certain gentle¬ 
men who have so generously given me the benefit of their know¬ 
ledge and experience m answer to certain questions. Some of 
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these I will take the opportunity of acknowledging in due course 
as the answers are published 

I take this opportunity of thanking Mi George Clapperton 
foi the assistance he has rendered me on many practical points 

Ordinary Grade 
10u2 

Question 1— In bodunf i ff ^" f/ nh • n ^i(^ ulut ate the 
jhintijtles it huh lejidutf the * oadru ot f/ft/tnuat, in ibi^fty, 
PtOpCnflOll of soda C(tld Oj total hyVOi f<> ><"/>, itmj/entUO * i/iltl tun* 
of boihny 3 THiat infot nmnoa as to jjtuyjsss of the tnutuient 
furnished by analysis ofliyimr^ 1 (3*> mml* ) 

Answer 1 —The treatment of rags is almost universally 
looked upon, not only by the manufacturer, hut also by the 
chemist responsible for their chemical treatment, as being enfcn ely 
of an empirical older Manufacturers do not regard such a 
material as rags as being amenable to any scientific treatment, 
although the manufacture of sulphite and soda wood pulp is 
earned out m the most systematic and scientific manner 

The conditions under which rags are now treated m the best 
mills have been arrived at after many years of observation As 
good, if not better, results might have been arrived at after as 
many months almost by pursuing a scientific method of investiga¬ 
tion In the ordinary method of procedure, lags of a given 
quality aie dumped into a boiler with what is considered sufficient 
soda liquor, and after a certain number of hours’ treatment, 
under steam pressure, the rags aie washed and removed If the 
result is considered good enough the conditions are repeated, but 
if the result is in any wav unsatisfactory, one oi other ot the 
conditions is varied It takes years by this plan of procedure to 
arrive at a point wheie no further improvement can be noticed. 

The following is a practical and rapid procedure for arriving 
at the best conditions foi boiling rags with soda which can he 
carried out by any ordinary working chemist One quality of 
lag is taken for investigation The lags are filled into the boiler 
with a known quantity of soda. The capacity of boiler, the 
weight of rags, and the volume of liquor are noted The charge 
should he as much as the boiler will take when 4 “ trodden m ” 
after the liquor is added. The liquor should be just sufficient 
to ensue complete saturation of rags, but no more The time 
of bringing boiler to full piessure is noted Samples of liquor 
VOL II h 
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are withdrawn every hour, and tested for “ free ” soda, and the 
boiling is continued until the free soda remains practically con¬ 
stant. The total soda is determined m the first and last sample, 
and m the case of a boiler heated with a steam-coil, the total soda 
should remain constant throughout the boiling When the rags 
are washed and lemoved from the boiler a sample is kept for 
comparison 

A second boiling is conducted on the same lines, but using 
soda only slightly m excess of that found to be consumed m the 
first trial The boiling is continued until the free soda remains 
constant The boiled rag should then be compared with the 
first trial, and the result should be practically the same. In 
order to ascertain the loss during treatment, 10 lbs of lags, 
which must be so selected as to repiesent absolutely the bulk, 
are tied up m a loose bag made of coarse cheese-cloth. This 
hag is reclaimed after the boiling, and the contents of the bag 
are bone-dried, exposed to the air to air-dry, and weighed From 
this the loss during boiling is calculated. 

The examination of liquors taken duiing the boiling, to avoid 
unnecessary calculation and work, are treated as follows . The 
liquor from each hour is placed in a marked bottle. The bottles 
are fitted mto rough wooden boxes resembling cruet-stands, with 
leather straps for handles, which can easily be tiansported Each 
box contains a senes of bottles sufficient for a boiling By this 
means samples fiom half a dozen boilings can be tianspoited 
from boiler-house to laboratory by the chemist m one journey. 
From each sample 32 c c is withdrawn by means of a pipette 
made to measuie this quantity This is titiated with normal 
sulphuric acid until it no longer shows alkalinity, when a drop 
is placed on a peifectly neutral non-absoibent litmus paper On 
account of the colour of liquor no indicator can be used m solution. 
Foi deteimmation of total soda, 32 c c is evaporated down m a 
platinum dish, ignited, and the chaned mass wetted with water 
and again ignited The soda can then be dissolved out with 
water, and titrated without filtiation m presence of methyl- 
orange The leadings on pipette give the percentage of JsTa 2 0 
by dividing by 10 This method of determining the free and 
total soda has been checked by evaporating a quantity of the 
liquor to a solid mass, and examining for “free” soda by the 
method of “salting out.” The two methods give almost identical 
lesults— 

Dilute liquor tested as above, 28*5 per cent, of total soda 
“ free.” 



Concentrated and ‘ salted out, 2*3 m y£L$bnt of total soda 
“ free 9 * 

When once the conditions of boilinfeQre faljy .established, 
check tests can be done from time to CxgJe m 
manner, as follows A portion of the and last sample is 
mixed m equal volumes from which 02 (Sc withdrawn, and 
total soda deteimined Such quantity or is then 

diawn off as to give read ng on burette whicb^^heS 
by ten, represents peicentage of 4 free'’ on * total” sotte^withou-tr- 
f uither calculation The lesuks axe finally expressed mpercentage 
of “ free ” soda on “ total' sodi. Br examination of these figures 
the exact behavioui dining boilmcr cm be ascertained I have 
found, moreover, that «till further can be learned by plotting 
cuives showing the diminution of free ’ soda pei hour during 
boiling, expressed as percentage on total “soda” piesent The 
table shows the conditions arrived at after pursuing the mode of 
piocedure above indicated It must be remembered that no two 
mills have the same requirements, and there is no regular plan 
of procedure common to them all or to the mapiitv of them 
Furthermore, the different grades of lags in one null are not com¬ 
parable with those m another The table cannot, therefore, be 
used as a guide foi general practice, but meiely as showmg the 
mode of expressing the different factors of boiling, and by com¬ 
paring them with curves constructed as above mdicated an idea 
can be arrived at as to how the conditions influence the rate of 
absorption of soda Curve Xo 1 should show the absorption of 
soda pei horn of different qualities of rags when treated under 
the conditions as shown m table. A dotted carve should be 
constructed fiom the mean of these Curve Xo 2 should show 
the absorption of soda per hour of Xo* d Lmens when the con¬ 
ditions are varied as shown m table A dotted curve constructed 
as the mean of Xo 2 series is extremely regular, and gives a good 
idea as to how the rate of absorption of “free” soda should 
progress under favourable circumstances. Broad conclusions can 
be arrived at from a mean of all the curves which should hold 
good m a measure for all classes of rag-boiling. About one-half 
the total soda is neutralised at the end of the first hour, and after 
the thud or fourth hour the chemical treatment has practically 
come to an end. Any further treatment is not only wasteful and 
unnecessary but harmful, as the rags go bad m colour Many 
papermakers, are, however, treatmg for twelve to twenty hours, 
as they have no means of telling when the action is at an end 
The amount of soda used also is merely a matter of guesswoik 



100 


Some such system as I have outlined above should, I venture to 
think, be introduced into every papei mill where rag treatment 
is carried on on an extensive scale 

Rem auks —The foregoing is abstracted fiom a contribution to the Chemical 
News of Novembei 29, 1901 It appened best to give this m most of its 
detail as it is a fanly complete answei to the question Of couise, the conditions 
vaiy m difteient nulls, and would depend upon the class of boilei used as well as 
the piessuie a\aiiable, and the quality of papei to he produced, but I ventuie 
to think that the geneial punciple holds good in all papei mills The table 
lefeiied to m the above answer is not heie lepioduced, but it can be lead in the 
oiio-mal papei The various cuives plotted fiom these tables weie not published 
m the oiiginal paper, but weie afteiwaids published m the Papermaker 

Question 2 .— What are the dun artenstics most desi) able m 
papers for (1) photoyraph mounts, (2) typemitnuj , (3) ledge? s, (4-) 
sdiool boohs (illustrated m colon? s') ? Give the furnish you consider 
most suitable , and state the precautions you would adopt to secure 
the best results (25 ) 

Answer 2 —(1) The photo mounts must be free from any 
tiace of antichlor, or any chemical which would tend to spot the 
photos, and its ideal furnish would be all soft clean cottons beaten 
very fine, and prepared by boiling with only a small percentage 
of soda, and taking all known precautions to ensure that all 
traces of antichlor are washed out , indeed, when coloui admits, 
there should be little or no bleach or antichlor used 

(2) Typewriting papers 30 per cent, bleached sulphite and 
70 per cent strong linens make a good paper if well beaten 
and passed through a refiner, which has the effect of making 
the wood and linen blend, and removing all trace of a woody 
appearance. Some of the Yankee papers are mostly sulphite, 
but they must cost a lot to pioduce, as they are so well milled. 

(3) Ledgers For the best qualities 25 per cent linen, 75 
per cent cottons, coloured with Smalt’s blue In addition to 
the usual engine size and tub-sizing, they should be sized again 
through the hand sizer and air dried. The principal require¬ 
ments are fast colour, cleanliness, strong well-milled look—but 
not so greasy as to cause the ink to flood, and good erasure 
properties. 

(4) School books. Say 25 per cent bleached sulphite, 75 
per cent esparto Well beaten but long stuff, and not too hard 
sized, as they are wanted to print nicely, and when the pictures 
are printed m colours about 20 per cent chma clay, so as to 
absorb the oils and prevent them appearing on the other side of 
the sheet 



Xotjc —Tniss answei is c r«*i as or eSr as fr 0a' o.e, and a jpeeis to u*il *o 

a buef statement of a sti*ien£%> experience ui ^nuw edge 

QuE^TIOX 3-TT7^*/2sO VtnPnls Hi t- Used Itl the null to inert sine 

(1) temye ratio e, (2) jji Qj>Qi tw§i nt moi-tine ui ihe uu , Oj 'petitit 
giavity , (4) ueujht and thuht ^ of j^nn/s 7 Suite hnejhj it hat 
you Inou of the uses of back inert-umunaxs (30) 

Answer 3—(1) The mercurial thermometer, either Fahren¬ 
heit or Centigrade, ±s almost universally used for measuring 
temperature There is also a spirit thermometer m which abso¬ 
lute alcohol takes the place of mercury , this can be used fox 
lower temperatures For the purposes of registering the maxi¬ 
mum and minimum temperatures there is what is known as a 
Maximum and Minimum thermometer, the maximum ten^era- 
fcure being l eg is be red by means of a small pm or index resting 
loosely m the tube, m vhat is known as the torncellian vacuum 
This index is pushed along by the surface of the mercury as it 
expands, and when the mercury recedes after recording tire 
maximum, the index remains at the maximum point, and the 
maximum temperature can be read off at any time After taking 
the reading the index is either drawn back to the surface of the 
mercury by means of a magnet or shaken down The minimum 
thermometer contains spirit, coloured red, m which the index is 
immersed. As the spirit contracts, the mdex is drawn along the 
tube and remains at the lowest point reached by the spirit, fiom 
which the minimum, temperature can be read off The index is 
drawn to the surface of the spirit by means of a magnet 

There is an mstiument made by Waltham Watch Company 
resembling a barometer, the hand movmg along the dial and 
indicating the temperature, which is marked on the dial The 
movement, I believe, is due to the uneven expansion of the two 
dissimilar metals But this mstiument is little used m this 
country, and liable to get out of order , furthermore it cannot be 
used for immersion m a liquid 

There are instruments now constructed which give an electnc 
register of the temperature. By laying wires from where instru¬ 
ments are situated to any common centre, a record can be kept 
of the temperature of the diving-rooms and various departments 
where a record of the temperature is considered necessary. I am 
acquainted with a very ingenious American machine for this 
purpose, originally designed, I believe, for recording the tempera¬ 
ture of the ocean at different depths. 

(2) The proportion of moisture m the air is generally recorded 
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by wkao is known as a wet and dry bulb thermometer The dry 
bulb registers the actual temperature of the air and the wet bulb 
a lower temperature, which is lower m proportion to the dryness 
of the atmosphere, due to the evaporation on the surface of the 
bulb. 

By taking readings of the dry and wet bulbs, and referring 
to G-laisher’s tables, it is possible to arrive at the percentage 
saturation of the atmospheie at any time, as well as the amount 
of moisture contained in a cubic foot of the air, &c. Wuister’s 
kydrometei gives the percentage saturation of the air for any 
ordinary tempeiature. This is indicated on the dial by means 
of a fine pointer The pointer is connected by means of a human 
hair, whrch expands and contracts m accordance with the con¬ 
dition of the atmospheie I have taken leadings of this instru¬ 
ment against a standard wet and dry theimometer (for which I 
hold a Kew certificate), using Glaisher’s tables for reference, and 
have found Wurster’s hygiometer to agree within 1 01 2 per 
cent of the actual readings obtained by means of this most 
delicate instrument From such readings the dew point can be 
calculated, and also the actual amount of moistuie m a cubic foot 
of air, &c 

(3) The specific gravity is roughly detei mined by means of 
the Twaddle kydrometei, the degrees of which aie marked on the 
stem In some mills the Baume kydrometei is used This is 
on the same principle as the foiegomg, but the degrees have a 
different value, and it is constructed to be used for liquids either 
heaviei or lighter than water There aie other instruments on 
the same pnnciple, but marked m actual specific gravity. The 
specific gravity is sometimes determined by means of a small 
bottle of a known capacity, m which the liquid to be tested is 
weighed This is known as the specific gravity bottle An 
instrument of the same class, but m the form of a U tube, is 
known as the Spiengel tube, and is extremely accurate For 
most purposes the Twaddle hydrometer is accurate enough m the 
mill 

(4) The only instrument that I know of for determining the 
thickness of papers is a micrometer gauge. This is usually con¬ 
structed m the form of a clamp, and is either divided into 1000th 
of an inch or the 100th of a mm With this, any sheet of 
paper, however thin, can be measured with a great degree of 
accuracy, especially if ten sheets are taken at a time and the 
recorded, measurement divided by ten. This may be found 
advisable with very thin papers. There is another form of this 



instrument which. gLves the leading of thickness on a dial Tins 
may be found more convenient when the thickness of paper is 
repeatedly taken 

Use^ —(1) The thermometer is a most useful instrument 
throughout the mill, and is not used to the extent it might be. 
I would mention a few instances where it should be used inces¬ 
santly For taking the temper atm e when making up milk of 
rosin size , temperature of warm bleach when the warm bleach 
process is resorted to , temperature of stuff when it flows into the 
machine ; temperature m the sizmg-trough and drvmg-room ; 
and in steam boilei-house for temperature of feed-water m ai d 
out of economiseis 

(2) The moisture in the air might with advantage be recorded 
m the machine-house close to the drying cylinders . m the drying- 
room of machine loft-dned papers ; m sake or stores where paper 
is stored The advantages of such records are obvious, but space 
will not permit me to go into them further 

(3) Specific gravity must, m all cases, be recorded where 
aqueous solutions of chemicals are measured, as the quantity of 
a chemical substance depends not only upon the weight or volume 
taken, but also upon the strength as lecorded by the hydrometer 
In such cases also, the recoid of the temperature should be taken, 
or rather the liquid should only be measured at the temperature 
at which the hydrometer is constructed to be read 

The strength or percentage of most chemical liquids as used 
m the paper mill can be arrived at by taking the degree Twaddle, 
and referring to published tables, such as those given m Bayley’s 
“ Chemist’s Pocket Book.” 

The measurement of the thickness of paper of a given weight 
per ream gives a direct indication of its hulking properties If 
the bulk is great, the measurements in comparison with weight 
will necessarily be great, and vice re) stu An msti ament for this 
purpose will also be useful for indicating the extent to which the 
paper is reduced during calendering 

Remarks—N otice the diffeience between hydrometer and Hygrometer The 
foimer is an instrument to measure the density of a liquid, and the latter is an 
instrument foi measuring the moisture saturation of the atmospnere For full 
description, see 44 Ganot’s Pnjsics ” The question of measuring by means of a 
micrometer, and inferences to be drawn from such measurements, have been so 
fully discussed m the columns of Paper axd Pulp that I do not think it 
necessary to give any further particulars 

Qi t estiox 5 — D i boiling Spanish espa/to how much caustic 
soda icould you use per ton of giass, and at ivhat dilution 9 State 
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the latter as percentage (NaOH) on the liquor ,i and ft om this the 
(approximate) number of gallons per ton At the conclusion of the 
boiling , how would you estimate the addition to volume of liquor due 
to condensation of steam ? (20 ) 

Answer 5 —I would suggest the use of 18 lbs of GO per cent, 
caustic soda per cwt = 18 X 20 = 3G0 lbs per ton I should 
take the liquor at 0 500 lb of GO pei cent caustic per gallon of 
lye, as given by Beveridge. Since NaOH is approximately equal 
to 78 per cent caustic, the above strength would be equivalent m 

n noQ v no 

NaOH to - = 0 39 1 lb NaOH per gallon. The 

approximate number of gallons per ton can be calculated from the 
amount of GO per cent caustic per ton (= 3G0 lbs), and the 
dilution in lbs. of GO per cent caustic per gallon (= 0 500)— 

= 707 gallons per ton of esparto. 

An approximate figure of gam m volume of liquor, due to 
condensation of steam, can be arrived at by carefully determining 
the total soda, both befoie and at the conclusion of boil Sup¬ 
posing, merely for the sake of argument, the liquor showed 4 00 
per cent NaOH before, and 3 15 per cent at finish, it would 
indicate that each 100 lbs of original liquor had become 

= 127, or had gamed m volume to the extent of, 

approximately, 27 pei cent. If the total volume of liquor at 
707 X 50 

start was--= 17G7 gallons, the increase in volume per 

boiler due to condensation would be, approximately— 

-Joo— = 477 gallons. 

The above figures may be nowhere near what is found in 
piactice, they are merely given by way of illustrating the mode of 
calculating 

Remabks—A sk youiself the question, How many gallons will be lequned. 
for 360 lbs of 44 60 per cent caustic 99 when 1 gallon contains 0 509 lb ? I 
presume the foregoing is the kind of thing desned m answer to this question, 
although it appeals to be a process of woikmg backwaids It seems that one 
would naturally know the volume m gallons pei ton of the liquoi I can undei- 
stand the leason foi asking the caustic soda per ton of glass, but the dilution would, 



I should think, be aruvedat alter the numoer ot gallons is ^novrn Tne ui’utio-i 
■would, m the oidmary couise of events, be derived fi jib tne total value, and not 
the total volume from the dilution 


Of course there is one thing that might be done which, per¬ 
haps, the examiners have m mind. Suppose you know the caustic 
per ton, the weight of esparto, and you add, say, an unknown 
quantity of water m dissolving up your soda, you might calculate 
the weight of water after analysing the wash liquors pei ton of 
soda. But it is quite possible that m giving the above answer I 
have not caught on with what the examiners have m view in 
asking this question 

I have assumed that figures as given m Beveridge’s ££ Pocket 
Book,” page 56, axe correct, and I think I am justified m assum¬ 
ing that this is a reasonable figure, and is borne out m practice 
Notice that it is stated that the fignies are approximate only 
lb would be next to impossible to arrive at the absolute figure 
without an elaborate process of chemical analysis The fignies are 
near enough for all piactical purposes, and perhaps more instruc¬ 
tive than if a more elaborate and accurate description had been 
given 

In estimating addition to volume due to steam condensation, 
it is necessary to take the liquor and boiled stuff eu itiosse to get 
absolutely accurate results It must he borne m mind that fibres 
condense soda fiom solution (puie cellulose has this effect with 
many salts in solution, as also with acids) Take a quantity of 
boiled stuff with liquor ea masbe as it is blown out of the esparto 
boiler under pressure, carefully take the weight, wash all liquor 
out with boiling water until fibre is no longer alkaline, mix all 
washings with liquor, take weight, and carefully determine total 
soda m same The percentage on total volume of washings gives 
you the weight of soda m sample taken from boiler But to get 
at the percentage of soda contained m the liquor at the time 
of boiling, you must dry off the washed fibre, weigh, and deduct 
weight of same from weight of original sample before you can 
calculate the percentage from the weight found in washings 
This mode of procedure sounds complicated, but some such 
method is needed to ensure anythmg like accuracy 

An approximate figure is got by the method explained In the 
above answer , this, I presume, is what the examiners intended 
For the conversion of 60 per cent, soda to NaOH, I have 
taken the ratio of 00 to 78 as bemg neai enough to the real 
figure As a matter of fact, it is not possible to aruve at the 
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exact equivalent by calculation I should advise all young 
chemists to read carefully Cioss & Bevau’s paper on “ The 
Economy of Pure Caustic Soda,” Society of Chemical Industry 
Journal, April 30, 1899 The author shows that 60 per cent 
caustic, by leason of the retarding influence of its impurities, 
has not the same value for boiling pro ?ata with 77-78 pei cent 
caustic, which is practically puie NaOH, as furthermore they 
show that the ordinary method of titrating “ GO per cent ” soda 
solution gives erroneous results 

Question G.— What style of dampen do you conside ; most suit¬ 
able fo) damping (1) supe) -calender edprintings, (2) imitation pa?ch- 
ments, (3) glazed casings , (4) soft-sued fnction-glazed printings ? 
Give p) actical details to be obseivedvi damping each of the papeis 
named (20 ) 

Answer 6. —Milne’s Patent Damper appeals to be the best 
for fine papers, and the spiay blown from the meshes of the wire 
which trails through the water box is beautifully fine and regular 
for imitation parchments For glazed casings, any of the 
oidxnary types of brush damper aie good The best results are 
obtained by damping the paper after it has been cooled Milne’s 
Patent Damper possesses the following features, which are neces¬ 
sary m any first-class damper — 

1 Perfect regulanty and umfoimity m the quantity of water 
applied. 

2 Yery fine subdivision of the particles of water. 

3 Great range of the quantity that can be applied. 

4. Easy and perfect adjustment of the quantity to suit the 
various papers, so that a rejceat order can be damped correctly 
without doubt or trouble 

In arrangement this machine consists of a wire cloth mounted 
on copper rolls One of these rolls is jacketed and runs m a 
trough of water, and imparts the water to the wire cloth. The 
wire carries the water forward to the blast pipe, the air from 
which discharges it on to the paper below 

The quantity of water is regulated by the speed of the wire 
cloth, and cone gearing is arranged for this purpose It is usual 
to run the wire cloth from 25 to 75 feet per minute, as it meets 
all ordinary requirements Messrs Bertrams, Limited, made a 
test with one machine to ascertain the quantity of water dis¬ 
charged, which gave the following results with a wire 50 mesh, 
84 inches wide * When running at 17^ feet per minute, 1 3 lb 



of watei per minute were discharged , and when at Db feet pel 
minute, 10 lbs of water were discharged per minute 

The first machines were fitted with Ou-me&h wne c^oth, but 
the spray was found to be so fine that it has been found advisable 
to increase the mesh gradually to 40 and 33 The widei the 
mesh the larger the quantity of water 

It will he seen that absolute uniformity is ensured by the 
wne cloth being filled by the jacketed roll and emptied b\ the 
blast pipe The subdivision is very fine, as m each mch of 
width of wire there are 4o or more diops, each of which is broken 
up by the air blast into many more. The higher the blast 
piessure the greater the pulverisation 

It is not an easy matter to give an opinion as to the require¬ 
ments of the various kinds of paper, or the various methods of 
damping, but umfoimity is necessaiy if the best results aie to he 
obtained, and m this particulai Milne s Patent Damper gives 
excellent results They have been successfully applied to damp¬ 
ing fine papers at 250 feet pei minute, which, however, is an 
unnecessary speed, as the damper does not require to run quicker 
than the calender Dampers of this style are running on the 
finest papers. 

It appears evident that this machine would give good results 
m mottling paper if colour were used instead of water, but 
Messrs Bei trams, Limited, inform me that they have not yet 
had an opportunity of trying this 

For most of the foregoing information I am indebted to 
Messrs Beitrams, Limited, of Edinburgh ° 

The “ spray box ” of Paul Lechler appears to give excellent 
results at high piessures of water for the purpose of damping, 
and is remarkably simple m construction. It will be referred 
to m connection with another answer, where a description of its 
working will be given 

Question 7 —State icJiat you know of the composition of Heat h- 
mg powder and the bleaching action of the hypochlorites Hoiv 
would you caiiy out the bleaching of half-stuff s o as to provide for 
cui inter mediate trashing of thepitly ? What cue the advantages of 
so doing ? (25) 

Answer 7 —Chloride of lime or bleaching po^dei This 
well-known body vas ongmalh considered to be a compound of 
chlorine and lime Balard, m 1834, was the fiist to give an 
explanation of the constitution of this compound, and his ex¬ 
planation has from that time been generally adopted Accordim 



108 


to this view, bleaching powder is a mixture ol calcium hypochlorite 
and calcium chloride, Ca(OCl 2 ) + CaCh Another view of the 
constitution of bleaching powder has been taken by Odling. He 

r Cl 

looks upon this substance as a kind of double salt, C a joQp being 

at the same time a chloride and a hypochlorite 

Chloride of lime is obtained by the action of chlorine gas upon 
dry slaked lime When chlorine is passed into milk ot lime, a 
reaction which is analogous to the formation of Eau de Javelle 
takes place. 

2Ca(OH,) + 201, = CaOh + Ca(OCh) + 2H,0 

If, however, dry slaked lime be employed, a laige proportion 
of the lime remains unaltered This fact was formerly explained 
by the supposition that the calcium chloride produced foims a 
coating round the particles of lime which prevents the further 
action of the chlorine But even if the mixture be from time 
to time well rubbed down in a moitar, and then again treated 
with chlonne, it is not possible to obtain a material containing 
more than 40 per cent of available chlorine Hence this sub¬ 
stance would appear to be a mixture of basic salt with chloride 
of calcium, according to the formula 

3Ca(OH) 3 + 2C1 2 = 2Ca|^g 1 + 0aClj + 2 H/> 

If water he added to this product the soluble chloride dis¬ 
solves and the basic hypochlorite decomposes as follows — 



In piactice it is found that 11 cwt of caustic lime are 
lequued to form one ton of bleaching {powder In the pre¬ 
liminary slaking and dressing of the lime, probably cwt. is 
lost The lime ready for use contains about 25 per cent of 
water and 1 2 per cent, of carbon dioxide, so that 20 cwt. of 
bleaching powder would be made up as follows — 

Cwt 

Lime . , . 9*5 

Water, 25 per cent on the 100 of hydrated lime.. 8*2 
Chlorine, 35 per cent, on the finished bleaching 

powder—say . . 7*3 


Bleaching powder . 20 0 



The intermediate washing can be done as follows. The 
simplest way is to exhaust from 8 to 10 per cent bleach on the 
pulp, then add about 1 per cent carbonate of soda and that run 
down on the piesse-pate Tins gives a beautiful cleanse, and a 
mere touch of bleach afterwaids is usually sufficient to bung it 
up clear The drum washer scheme is, of couise, available. 

I am mfoimed that ilessrs Sommei ville have a continuous 
plan, and that both De 2faegei and Cowans have systems of 
their own 

Remarks —The ltupoifcunce of an mtei mediate washing nnere a large 
amount of bleaching has to be done is. woith nothing It is often impossible to 
do the whole of the bleach in one opeiation Tne bleaching snould be conducted 
up to a certain stage, and the by-products should be removed befoie aav fuiihei 
bleaching is attempted The accumulation of by-products from bleichmg nas a 
retaiding effect, and it also destroys any tiesn enloune that may be added, heme 
to bleach economically the pioce»s should be conducted m two operations By 
the use of alkali aftei the fir&t bleach, the by-products are easily removed, and 
the semi-bleached mateual so cleansed that only a small amount of rdeacn is 
lequned afterwards to complete tne bleaching 

The first portion of the answer dealing with the constitution and manufactuie 
of bleaching powder is taken fiom 44 Roscoe and Schorletnmar,” part i, vol n 

Question 8 —State fully the treatment you vonicl adopt to 
impart to a stiong boolc papet the thaunteribticb of a hand-made 
sheet Give fw ni^h you mould use , uith proportions of boding and 
bleaching liquors , the dictation of tieatment in each department , 
and reasons for the adoption of ang sqiecnrf appliances (30.) 

Ahswer 8.— 

Furnish Pep. cwt Pressufe Boil 

25 per cenfc^ strong | ^ 0 f jq p er cen t. soda 30 lbs G hours. 

25 per cent strong) ^ p 3S ^ of 70 per cent. soda. 30 lbs G hours 

unbleached cottons) r 

50 per cent, clean) jilbs of 70 per cent soda 30 lbs. 4 hours, 
cottons. S 

Strong linen, 10 per cent to 12 per cent of bleach if there 
are many black threads, but if not, possibly G per cent to 8 per 
cent would s uffi ce Unbleached cottons, 4 per cent ro 6 per 
cent bleach Clean cottons, 1 per cent to 3 per cent, bleach. 
Washing, bleaching, and breaking can be done m about 4 hours 
Beat 8 hours with heavy engines and put roll down gradually, 
though it may be necessary to grip a little just to get the stuff 
to travel at first, but it should be eased off as soon as the stuff 
begins to open out Phospher-bronze bars and plates make the 
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best job of the stuff when wanted to woik wet and look cloudy 
like hand-made 

Annandale’s patent makes the best imitation through having 
the pump pull the fibres down when the stuff is rushing about, 
3 ust under the sluices, but it may be advantageous to use a short 
apron so as to allow of the tube-rolls drawing out the water, and 
thus foiming a layer of fibies before the natural flowing end- 
on action begins, Theic must not be any rush of stuff on to the 
wne or you will get most of the fibies end on, just as logs float 
down stream 

It is necessary to realise the differences between hand-made 
and machine-made papers First of all, of course, the fibres of 
the machme-made sheet are mostly in the direction of the web, 
and consequently the paper is stronger when pulled m the direc¬ 
tion of the web than when pulled across the web There are 
other important diffeicnees which are not properly realised, viz , 
the shrinkage takes place almost entirely across the sheet A web 
of paper would, if allowed to shrink fieely, become considerably 
ieduced m length, but in consequence of the pull on the sheet of 
paper on the machine it is prevented from doing so The papei, 
therefore, is dried under strain Measurements taken of the length 
of paper between the ]om marks of the machine-wire show that 
there is an absolute elongation m some cases if these measuie- 
ments are compared with the length of the machine-wire itself 
The pull exerted on the sheet whilst it is in a web or half-wet 
condition preventing it diymg natuially, must materially affect 
its strength 

The ne\t point is the couching. With a machme-made paper 
this is done by means of a felt-covered roll lunmng in contact 
with the wire The pressure is along a line, and is never a flat 
pressure, but is a pinching or shearing pressure, and also the 
pressure is only exerted for a moment. 

With hand-made paper the sheets are placed between felts 
and submitted to flat pxessure. This constitutes an important 
difference, as besides being a flat pressure it is exerted for some 
considerable period of time, assisting m the felting and compact¬ 
ing of the sheet whilst the water is draining out By taking a 
sheet of paper after it has passed the wire and pressing it between 
felts and drying as with hand-made, the paper is found m some 
cases to be 40 to 50 per cent stronger than the same paper 
finished on the machine and dried on steam-cylmder. 

There is no disposition to shrink m area during couching, as 
there is no drying taking place. This undoubtedly accounts for 
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an important difference m the strength as v ell as m the appearance 
of machine and hand-made papers"" It also assists to obliterate 
the wire-maik, and undoubtedly gives a supenoi strength to the 
hand-made sheet 

Annandale’s idea is to get the fibies well mixed togethei 
One great drawback of machine-made papers would be overcome 
to a large extent if this method could be applied successfully 
Machine-made paper tears more readily m the direction of the 
web than across the web, due to the fibies anangmg themselves 
m the direction m which the machine is running. 

In order to arrange the fibre* m all directions the material 
must be shaken equally both laterally and longitudinally Tin* 
is possible with hand-made paper, but not on the ordinary Pour- 
dimier machine. Annandale’s method requires a good deal of 
alteration to the machine to make it workable. Such a process 
is desnable m the manufacture of high-class papers, which, it at 
all, should expand and contract uniformly ruth chanr r e of atmo¬ 
spheric influences It is desirable also for paper used for water¬ 
colour drawings 

Paper supposed to have the characteristics of hand-made 
paper is made on a cylinder machine, and m the desired sizes 
These sheets are obtained on the cylinder by arranging bands on 
the same. In the place where these bands are on the cylinder 
less stuff is collected, and m that way the irregular borders are 
foimed as they appear m hand-made paper Paper made as above 
gave the following results — 

Imitation hand-made v^hite. Size of sheet, 12 m. X I \ m ; 
thickness, 0 10 mm 

Paper length-wise of sheet Breaking strain on strip 1 m. 
wide expressed m pounds— 

(1) 35, 31, 31, 32 = mean 32 5 lbs 

Acioss-wise of sheet— 

(2) 20 5, 20 0, 19 5, 19*5 = mean 19 9 lbs 

Batio of 2 to 1— 

19 9 : 82 5 : : 1O0 1G2 

Imitation hand-made blue paper, 10 in. X 7f m 

Cross-wise— 

(1) 22 9, 23*1, 23*G, 22 0 = mean 22 9 

Length-wise— 

(S') 1G 7, 16*7, 17 2, 16*8 - 10*8 
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Ratio of 2 to 1— 

16*8 22 0 . . 100 : 136 

mean 100 : 149 

There is a much greater stretch in. the weaker direction than 
m the stronger The stretch is mostly near the breaking-point. 
As the pointer nears the breaking-pomt it stands stationary, or 
neaily so, whilst the machine is further wound. Showing that 
the stietch takes place almost entirely near the bieakmg-point 

ITand-made paper on mould. 

Length-wise— 

9 0, 10 5, 17 0 = 12 25 

Across— 

11-0, 14 8 = 12 90 

Showing practically no difference m mean of each direction. 
The inference is that whereas real hand-made shows little or no 
difference m the two directions of sheet, the imitation hand-made 
of about same size shows a difference of 36 to 49 per cent , and 
the further inference is that whereas imitation hand-made on 
cylinders can be produced to have a close resemblance to real 
hand-made, it differs nevertheless m physical qualities m that it 
shows great differences m other ways of the sheet, both m strength 
and stietch. 

Question 9 — What compounds of cellulose arc soluble m ivater , 
and how are they prepared? Which of these are used m paper - 
making, and what are the special effects they pi oduce ? (25 ) 

Answer 9 — 

(1) A compound of cellulose known as viscose 

(2) Cellulose cupiammonium. 

(3) Cellulose dissolved under the action of zinc chloride 

(4) Cellulose treated with sulphuric acid 

(1) Cellulose is combined with caustic soda, which gives the 
following product— 

(0uH a O u + 238TaOH) 

This first operation was effected many years ago by Mercer, 
whence the name “mercerised cellulose.” Although soluble m 
watei, the substance can only be preserved by keeping it from the 
air. Yapour of water, as well as carbonic acid, decomposes it 
into carbonate and hydrate of soda, and a derivation of cellulose 
coloured blue by iodine. 
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Meicensed cellulose is treated with, carbon bisulphide at 
ordinary temperature, the resultant b«mg cellulose Xduthate. The 
reaction can be interpreted according to the two following 
formulae— 

(1) C.,H„0,0H + SSaOH -r CS. = C'{°£-'J I -'- , j| a 0SXa 
(») CjvHjuOoOH + XaOH + CS, = Cj°£f-°H j0SXa 

In the aits mercerised cellulose is prtpaied by well titrarma 
100 parts of cellulose (piefeiably of cotton) to a very cLvided 
state with 3<>o parts of a solution of caustic soda (15 per cent j 
It is very important that the cellulose be well divided and well 
impregnated with soda Cellulose so prepared possesses a thick 
consistency 

Xanthate of cellulose is also produced when loo parts of 
mercerised cellulose are introduced m a vessel kept m a rotary 
motion, together with five or ten parts of carbon bisulphide, 
which is admitted little by little, the whole being preserved from 
contact with the air The mixture must be as intimate as pos¬ 
sible. At the commencement of the operation heat is involved, 
and the reaction is terminated after an hour or two 

The mercerised fibre is then transformed into a gelatinous 
substance, its yellow tint being due to the sulpho-carbonate of 
soda, CSfcNa-j, and other products of the leaction The mass is 
then treated with an equal volume of water, and at the termina¬ 
tion of several hours, after the addition of a further quantity of 
•water, the solution is complete. 

Yiscose, prepared as above, is used m the beater as a sizing 
agent to give strength. It is precipitated by means of zinc sul¬ 
phate and other precipitating agents together with alum The 
quantity used may vary fiom 1 to o per cent (cellulose), on the 
weight of the furnish according to requirements. 

There are special precautions necessary for the preparation of 
Yiscose for this purpose, which cannot be discussed here 

(2) Cellulose cuprammonium. This solution can be prepared 
on a small scale by taking cotton wool mixed with a few copper 
filings, and passing strong ammonia through and drawing air 
through at the same time The solution will assume a deep blue 
colour and dissolve the cellulose. This, on evaporation, gives a 
film 

The process is used m a somewhat different man*" r for the 
preparation of the well-known Willesden canvas per. A 

VOL. II. 
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solution is prepared which acts superficially on the cloth, partially 
conveitmg same into a solution of cellulose When the ammonia 
is dned off this, the paper is rendered rot-proof, as well as 
strengthened and haidened 

(3) Zmc chloride will dissolve cellulose when used m strong 
solution to a syrupy liquid 01 a plastic mass This is made use 
of for the production of incandescent electric lamp filaments, 
which, when carbonised, are used m the oidmary incandescent 
lamp Zmc chloride is also used to act on sheets o( paper, which 
are stuck together to make up boards of different thicknesses. 
The zmc chloride is lemoved by washing, and when dried is found 
to be very hard and tough This pioduct, under the name of 
vulcanised fibre, is used largely for electrical woik 

(4) Strong sulpliunc acid dissolves pure cellulose. But before 
entering into solution the cellulose becomes gelatinous. If tins 
treatment is applied to a web of paper fox a few minutes, and the 
paper afteiwards washed to remove all trace of acid, it is veiy 
much toughened and rendeied resistant to water This process 
is used for the manufacture of parchment papers, and was oiigi- 
nally patented by De la Bue many yeais ago. 

Question 10. —Describe Cornett's system of handling and 
heating esparto^ and discuss its merits (ompared with any othei 
system you aie acquainted zoith (25 ) 

Answer, 10. —Cornett’s system. The chief advantage of his 
plan is that he keeps the esparto m such a state that it will flow 
through pipes to various departments, and thus saves a great deal 
of labour and handling. There is leally nothing, I believe, new 
m his ideas, but he had the foresight to lay down the mill on 
scientific principles, and is now reaping the benefit m these days 
of competition 

Cornett’s system of ti eating espaito consists of passing the 
boiled grass through a Sfc cone breaker ” to reduce it to a pulp 
without breaking up the roots, &c The pulp flows from the 
“ cone breaker ” to a stuff chest, from which it is pumped to 
sand-tables and strainers to remove impurities, allowing the clean 
pulp to flow to another stuff chest, as much water being lemoved 
as is necessary to leave the pulp ready for bleaching before it 
passes to chests 

Erom this latter chest the pulp is pumped to potchers and 
bleached, Jiemg afterwards run into chests and passed over the 
presse-pa, the usual manner. 

Ther" y strong family likeness between this system and the 
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“green” presse-pafce system, winch, for some reason, never ¥ caugho 
on,” although it is, no douofc* the most rational method 

The actual difference between the two systems consists m the 
application of the “ cone breaker,” instead of a potchei to prepare 
the stuff for the sand-tables and strainers, which are the real 
cleansers and the essence of both systems 

A potchei will prepare the stuff equally as well as a 44 cone 
breaker,” and will at the same mine complete the washing, allow¬ 
ing the stuff to go to the strameis clear of soda 

An objection to both systems is the space requiied ; the 
number of stuff chests and pumps and piping, which, although 
they save labour, increase complications otherwise. 

Opinions differ as to the advantages of Cornett’s system 
many seem to be against it One says it reduces the cost of 
bleaching but requires better boiling, while others say the intro¬ 
duction of centrifugal pumps on the bleaching engines has 
increased the work required from the beaters, probably owing to 
the “greasing” action of these pumps as compared with the 
action of a roll on the pulp previous to the beating 

Alfcogethei the results obtained do not seem to warrant the 
expenditure ou plant and space, as compared with the usual 
system of washing and bleaching m potchers and passing over 
presse-pate. The potcheis should either be fitted with slow- 
running paddles, or with rolls kept well clear of bed-plates, which 
do quite well made of cast iron 

To get clean pulp by either system it is imperative that the 
cut of strainers be fine, to allow only ultimate fibres to pass 
through the action of diaphragm gently, and that there be ample 
surface of strainer plates. The most usual mistake made m this 
direction is to have too few strainers, which leqmre strong suction 
to pull the quantity of stuff through, causing much of the im¬ 
purities to pass with the clean pulp. 

Ee mar ks —A u ell-known papermaker has given me his opinion, which is 
paitly expiessed in the above I am also indebted to Messis Bertrams, Limited, 
foi their help 

Question 11. — What materials a/e used — 

(a) Fot weighting or loading papers in the engine, 

(b) Fo/ surfacing oj coating, 

(c) Fot colowing in (the beatei ), red , blue, yellow , and black ? 

(Mention one pigment and one soluble dye in earfi case ) (25 

Answee 11.— (a) Clay, teira-alba, pearl hardening, asbestos, 
blanche fixe, yellow ochre, agalite, chalk 
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(£) Olay, blanc fixe, satin white 

(c) Venetian red, cochineal, ultiamarme. Pans bine, yellow 
ochre, brilliant yellow, lamp-black, nigiosme 

Question 12 —What precautions would you take to prevent 
froth and air bubbles tvhen making thin printings at a fast speedy 
with afw msh of 30 pei cent bi oke and 10 per cent esparto 9 (20 ) 

Answer 12 —The best method, m my opinion, of overcoming 
the fioth and air bubbles when running at a fast speed, is to dis¬ 
tribute a fine spiay of water m the form of a fine lam m a regular 
stream across the end of the sand-table I do not know of any 
better method of doing this than by the use of Lechlei’s Watei 
Spiay Diffuser, made by Paul Lechler, of Stuttgaxt These spray 
boxes should be placed at a distance of about a foot apart, on a 
one-mcli pipe, and about one foot fiom the end of the sand-tiap 
of the paper machine Thus, for instance, four diffuseis will be 
sufficient to cover a width of five feet The size of the particles 
of the spray can be legulated by altenng the size of the nozzle, 
which the makers supply For destroying scum or fioth the 
2 “ or ~ in. nozzles are generally used It is impoitant to have 
a good pressure of water, and where such is not available a pres¬ 
sure pump should be used 

This fine dnzzle falling, as it does, m the foim of small par¬ 
ticles on the froth, breaks the film and bursts the bubbles This 
appears to be a most effective way of dispersing the froth. Theie 
are other means of doing this, such as by using some substance 
which will overcome the surface tension of the bubbles, causing 
them to break. Frothing is often the result of some mechanical 
defect m the way the stuff is manipulated. The stuff should be 
made to flow, and manipulated m such a way as to agitate the 
surface as little as possible. 

Any amount of agitation below the surface is not calculated 
to produce froth The cause or causes of frothing are m a large 
measure a mystery. There are undoubtedly several causes—one, 
the libeiation of CO,, as the result of agitation; another, the 
presence of soluble bodies as impurities m the rosin, as exist m 
the saponaria, giving rise to a permanent lathei or froth, even 
when present m minute quantities, such as one per million. But, 
whatever the cause, at times a scum is unavoidable, hence the 
necessity of some ready means of dispersing it. 
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Hoxoitrs Grade 
19 o2. 

Question 1— Pet uxanganate of potassium is inf cl as a bleaching 
agent in neutral solution Hok does it breed: up, and v'hat fiuthei 
beatment of a pulp would be tequued to eliminate the ptoducfs of 
decomposition $ Compute apptovimatehj the cost of tins bleach at 
<£50 per ton for KdlnO^ unfit that bj bleaching pou Jer of Zb 5 pen 
cent cs available Cl” at £0 10s pet ton (25 marks') 

Answer 1 —It has heen known for a long time that potassium 
permanganate is a powerful bleaching agent, and attempts have 
often been made to utilise it commercially ; but, as far as I am 
aware, these attempts have not been attended with very great 
success Potassium permanganate is well known m commerce for 
its disinfecting properties It exists as small needle-shaped 
crystals It dissolves m about 15 times its weight of cold watei, 
producing a deep violet-red solution When it comes m contact 
with any substance capable of being bleached, the permanganate 
colour is discharged from the solution, and the bleached, or'partly 
bleached substance becomes coated with a thm brown film o"f 
oxide of manganese- When 1,500 lbs of soda ash is heated to 
redness with finely divided manganese dioxide, a mixture consist¬ 
ing of manganate and peimanganate of soda is formed This is 
valuable as a disinfectant when dissolved m water, and it is to 
this substance that Condy’s Fluid owes i£s antiseptic properties 
In order to convert the whole of the manganate contained m the 
above mixture into permanganate, it is neutralised with sulphuric 
acid, and evaporated until ^Glauber’s salt begins to separate out. 
Sodium manganate, a commercial substance that can be used m 
place of the above, is both cheaper and contains a greater per¬ 
centage of available oxygen foi bleaching purposes 
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When we come to consider the relative merits of these two 
substances, it will be seen that there are serious difficulties 
when using sodium manganate, which appear to be sufficient to 
prevent it coming mto commercial use Potassium peimanganate 
K 2 MuoO a , gives up some of its oxygen m contact with unbleached 
material, forms a coating of black oxide of manganese. The 
action, when complete, is as follows — 

K 2 Mn s 0 3 = K 2 0 + 2Mn0 2 + 0, 

Potassium Potassium Black oxide Bleaching 

permanganate oxide or manganese oxygen 

On the addition of a mineral acid, such as sulphuric, the dark 
coating is dissolved, and the material is found to be bleached or 
partly bleached The film of oxide at the time of decomposition 
is generally of a brown colour, and being precipitated m a 
hydrated condition is leadily removed by the acid The coating 
of manganese dioxide is quickest removed by the addition of 
sulphurous acid As, during the reaction, an amount of caustic 
potash equal to the potassium contained m the potassium per¬ 
manganate is liberated, any acid added for the removal of the 
black oxide has first to neutralise the alkali 

It is sometimes found preferable to remove the alkali by 
washing, and to add the necessaiy amount of acid afterwards for 
the removal of the manganese dioxide. Three hundred and sixteen 
pounds of pure potassium permanganate would give us 48 lbs of 
bleaching oxygen, which is equal to 15 2 per cent As, however, 
the commercial salt contains about 04 per cent of E 2 Mn 2 0 8 , the 
amount of bleaching oxygen may be reckoned at one-seventh of 
its weight. 

It must be remembered that the strength of bleaching powder 
is reckoned by the amount of available chlorine it contains, which 
is generally 35 per cent This is equal to 8 per cent of bleaching 
oxygen. From these figures we see that 4 tons of potassium per¬ 
manganate would supply as much bleaching oxygen as 7 tons of 
bleaching powder This must be taken mto consideration when 
comparing the cost of the two substances But this, however, is 
by no means all we have to consider, as the bleaching oxygen m a 
permanganate solution is entirely different in its action from the 
oxygen liberated by means of the chlorine m bleaching powder. 
To begin with, permanganate bleaches almost simultaneously, 
whilst bleaching powder takes hours and sometimes days to 
complete its action 

When a fibre is bleached by permanganate the action is 
suddenly stopped by the incrustation of the black oxide, which 
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prevents any fiuthei action of the oxygen Often the action is 
so rapid as to oxidise the cellulose ; to prevent this, the per¬ 
manganate must be used m very dilute solution If one operation 
is not enough to effect sufficient bleaching, the coating of black 
oxide can be xemoved by the addition of ^ulpiiurous "acid, and, 
after trashing, the operation can be repeated 

I made some comparative expeiiments on a large scale m a 
breaker I took 2 cwts of unbleached rag half-stuff and bleached 
lb up to a certain colour by the addition of a known weight of 
bleaching powder, which was entirely discharged at the end of the 
bleaching I did the same thing with permanganate, and I found 
that 1 lb of potassium permanganate was equal m bleaching 
effect to 10 lbs of bleaching powder As, however, the bleaching 
oxygen of permanganate is to that of bleaching powder as 7 is to 
4, I expected to find that 4 lbs, of permanganate would equal 7 
lbs of bleaching powder m bleaching effect The difference can 
only be accounted for on the supposition that the oxygen of the 
two substances act very differently This is well known to be the 
case when we make a companion of an electrolised solution of 
magnesium clilonde f Her mite's solution) v> ith a solution of bleach¬ 
ing powdei of equal chlorine (i e oxygen; strength In this case, 
4 lbs of oxygen of the Heimite solution does as much bleaching 
as 5 lbs ot the bleaching powder solution In a like manner 
sodium hypochlorite differs fiom calcium hypochlorate, and 
calcium hypochlonte itself, in turn, varies m the efficiency of its 
oxygen accoidmg to the method by which it is piepaied. 

It follows that fiom what is above stated that 1 lb of bleach¬ 
ing oxygen of permanganate does as much bleaching as ^ 

or, say, o~ lbs of oxygen of ordinary hleachmg powder. 

At the time the experiments weie done to determine whether 
permanganate could be commercially used m place of bleaching 
powder, although only one-tenth of the weight of permanganate 
was required, it cost as much to do the bleaching, as, at that time, 
the price of permanganate was about ten times that of bleaching 
powder To the cost of the pexmanganate must be added that of 
the sulphurous acid 

The amount of sulphurous acid depends, of course, as to 
whether the fibre is washed before the acid is added. I made a 
numbei of experiments to determine what action took place 
between the sulphurous acid and the manganese dioxide It is 
generally supposed that dithiomc acid is produced My experi¬ 
ments, however* did not confirm this opinion, and appeared first 
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:o point co* ehi=uvelv to the formation of manganese sulphate 
according to the simple equation — 

3In0 2 t- SO, = JInS0 4 

Aftei, however, carefully noting the action of salphurous acid 
upon GTdmary black oxide of manganese under varying conditions, 
I hare come to the conclusion that the action generally takes 
place m two stages, as follows — 

MnO, -h SO, + 2H 0 = Mn(HO), + H 2 S0 4 

Wrnte manga¬ 
nous hydrate 

3InH_0> 4- HSO. = MnS0 4 + 2H 2 0 

On shaking some black oxide of manganese with a weak 
solution of sulphurous acid, the sulphuious is rapidly oxidised to 
sulphuric, and in a short time manganese sulphate is found m 
solution The black precipitate, before entering into solution, to 
a large extent loses its colour The last portions of it change 
from black to a greyish white, and I believe this is due to the 
sulphurous acid deoxidising the black oxide of manganese with a 
foimation of a white precipitate of manganous hydrate,Mn(OH),, 
and a corresponding amount of free sulphunc acid as shown 
by tne first equation The sulphuric acid then dissolves the 
manganous hydiate with the formation of manganous sulphate as 
shown by the second equation 

The reaction taking place m two stages, as shown above, 
accounts for certain difficulties that are expenenced with per¬ 
manganate bleaching It often happens that after permanganate 
bleaching the pulp goes back m colour This, I think, is to be 
attributed to the fact of the reaction having taken place only as far 
as the first stage, that is, manganese dioxide is rendered invisible, 
foi the nine being, by its conversion into the white manganous 
hydrate, which is retained by the fibie This substance is well 
known to oxidise lapidly m the air, assuming a brown colour 
Care must, therefore, be taken to ensure that all the manganese is 
converted into the sulphate, the whole of which must be carefully 
iamoved by washing. On the assumption that washing is resorted 
to before the addition of sulphurous acid, for every molecule of 
KAImOv we should require two molecules of S0 2 , or 10 lbs. of 
permanganate would lequire about 3 lbs of actual sulphurous 
acid. These figures are, however, arrived at by theory, and m 
practice it is found necessary to use somewhat larger quantities. 
Bisulphite solutions can, of course, be used instead of sulphurous 
acid, if found more convenient 
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It is nob at present known whv the bleaching oxygen of 
different agents, such as permanganate and ordinary bleaching 
powder solutions should be required m different quantities, 
according to the agent employed, to produce a certain amount 
of bleaching effect, but it appears to me to be accounted for 
by the formation of a mixture of ozone, or active oxygen, and 
ordinary oxygen. 

The later has no bleaching effect whatever, whilst the former 
is a powerful bleaching agent" 

If the action of ordinary bleaching powder solution gives rise 
to oxygen containing a small proportion of ozone, whilst per¬ 
manganate contains a large proportion, it would ceitamly be 
sufficient to account for the great difference between the t^o 
This is a theoretical point which deserves more attention, and, 
perhaps, if properly understood, would result m much more 
economical bleaching It is woithy of note that as the bleaching 
efficiency of the oxygen increases, so also its rate of action 
increases , thus the Heimite solution is much moie rapid m its 
action than a solution of ordinary bleaching powder, and at the 
same time the bleaching oxygen is about 1- times as efficient 
With permanganate, the action, instead of taking hours, is almost 
instantaneous, and the bleaching oxygen is times as efficient as 
the oxygen of ordinary bleaching powder I can see no reason 
why permanganate bleaching should not come into use for some 
purposes, especially where lapidity of action is an important 
consideration 

The reaction is so easy to control I believe few attempts 
have been made to utilise it, on account of its high price as com¬ 
pared with bleaching powder, and that, if manufacturers had 
known that 1 lb. of permanganate would do as much bleaching as 
10 lbs of bleaching powder, attempts would have been made to 
brmg it into use commercially 

The cheaper product, sodium manganate, which is prepared by 
roasting together caustic soda and black oxide of manganese, is 
objectionable, as it is not stable, unless piepared very alkaline 

On account of its strongly alkaline reaction, it is far more 
likely to injure the fibre. If, however, it could be made use of, 
providing that the bleaching efficiency of its oxygen is equal to 
that of potassium permanganate, it would be tar cheaper than 
bleaching powder 

This substance has been manufactured on a laige scale as a 
disinfectant, and I have it on good authority that a certain 
governing board who had been making use of permanganate, 
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eietad woilcs for the manufactuie of sodium mangas ate, and 
v,oie able to turn this material out at a cost of about £11 per ton 
When we take into com>ideiation the amount of available oxygen 
ri tus substance as compaxed with that of bleaching powder, the 
latter would stand vervlfitle chance of competing if the difficulties 
which at present stand in the way of using sodium manganate 
could be overcome I hare no Reason to believe that these 
cLihcu ties aie msui mountable 

In practice, as above shown, potassium permanganate, KMnO, 
or has ten times the bleaching effect, weight for weight, 

of bleaching powder at 33 3 pei cent a available chlorine” If 
the former taken at £5<* per ton and the latter at £0 10s , a 
comparison can be armvecl at bv multiplying the £0 105 by 10 
This* gives us £n3 woith of bleaching powder to give ns the same 
bleaching effect as 1 ton of permanganate In piactice, therefoie, 
on these prices the proportionate costs would be— 

£jo £03 loo 130 


showing that the teaching powdei would cost 30 per cent, more 
to use than the permanganate 

PnsiAWxS—Ttie student must not be misled by forming any conclusion as to 
t e r ei t \e coats o; oieaccmg powdei and permanganate fiom the figures set by 
t~e w niei ne paiely hypothetical, and meiely given to test a student’s 

l'*y to me the necessary calculation The actual maiket values on September 
j i *2, were tor bleaching powdei £6 10s, and peimanganate £37 It must 
re + crgotten however, that tre after use of sulpnuious acid adds considerably 
to r ne ccst o: t^e permanganate bleaching A student would get some idea of 
w t ■’iS Simula amount to if he leads the above answer, and looks up the puce 
o* ac*a m one or othei of its foims This item of cost the examiners 

et* leatlv d I not mlend the student to take mto account m his answer 

Atcoiding to inoleealai ratios, it will be seen above that 4 lbs of per- 
ruang^mte should equal 7 lbs ot bleach If calculated on this basis— 


£6 10s X 7 


= £11 8s 


Qd 


Accord ng to this, £11 8s of bleaching powder would do as much woik as £50 of 
peimanganate on examiners’ figures, this, however, is not at all true m practice, 
as etnlamed in ano\e answer 

3Iv results, as given m the fiist portion of the above answei, weie originally 
giVt-n at greater length m an article eontubuted to the Papermaker, now out of 
print 

QuESxrox 2 —Which lanety of icood fibre do you consider most 
mn*ed to blend infh (1) linen / agsfor typewriting papei 5,(2) esparto 
fin fine ju intinys, (3) soft cottons for blottinys , (4) manilla ? ope? for 
tnrhidyepapas 5 State the treatment you would adopt for the pre¬ 
pat ation of the various iroodpulps from the raw materials , and give 
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datafoi boding V'atfung* and Lha< lump aho coaijmsdion of boding 
and oho chi ay hqiioit> % // dh tin /held of jnd/j you a Quid e /jiet fh om 
10 tons of t a if aood f3u ) 

Answer 2 —(1) Bleached sulphite, 2*> to 30 per cent, 
prepaied by the real not the bastard Mitscnerlich process 

(2) American bleached poplar blends very well, and gives a 
fine glossy feel when passed with the esparto through a lefintr. 
Bleached soda is also good, and feels rather firmei than the 
poplar 

(3) Bleached poplai is best for this puipose I am informed 
that a good blotting is made in Scotland solely from poplar , this 
was examined by an expert and found to consist of poplar wood. 
I had a very excellent filter-paper submitted to me of foreign 
make, suitable, I found, for chemical fikrations, made entirely 
from lmen 

(4) Pme wood prepared by the sulphate process, bleached if 
necessary for colour This blend gives a long silky fibre, w ith a 
good sheen on when well beaten and passed through a refiner 

Refiners aie admirably suited for blending wood with rags, 
and, indeed, for milling most papers The boiling and bleaching 
of the wood would occupy too much space to discuss heie ; there 
is considerable information m Griffin and Little’s book. Tne 
great drawback which all papermakers experience m this country 
is that they have no control over the conditions of boiling, every¬ 
thing being done for them by the pnlpmaker So much more 
might he accomplished if the papermaker could modify the con¬ 
ditions of boiling to suit his own special requirements The 
papermakers have to use wood pulp boiled m a way that usually 
admits of no variations, as the pulpmakei does not know what 
papers it is wanted for. This is a great drawback to papermakers 
I am informed that the Germans are taking to special boilings 
from their own pulp nulls for special grades, which, of course, 
makes all the difference when wanted to blend with, say, soft 
cottons m one instance, and manilla or hemp ropes m another. 

Question 3— Discuss fully the question of economy in boding 
tags mill caustic soda Eg iclud chemical test* would you cunttol 
the npei aiion and fix the best conditions m jiaituiilat cases * (2a.) 

Answer 3 —This question has been fully discussed m answer 
to Question 1 m Ordinary Grade. 

Question 4 — State yow opinion iegai ding the use of exhaust 
steam fom the machine engine Jot heating the drying cylinders , and 
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t»,njOiC tlf nittkhd with that of employing a condensing engine and 
dnjuig with livjhgnesswe steam Show how you arrive at the 
steam ion^unijjuoa fot each uiethod (3G ) 

Axswer 4 —You will find the answei to this m Economist’s 
papers m Wood Pulp The whole question largely depends upon 
circums r ances It depends upon whether the engine is fully up to 
irs woik, and the amount of diymg powei m the cylinders. One 
authority informs me that m many instances, viewed from all 
points, it is better m the end to use a condensing engine and 
high-pressure steam foi drying To be economical the drying 
with exhaust steam must be conducted with everything up to the 
mark, while with the high pressure reduced, say to 10 to 15 lbs 
pressure, you can keep youi cylinders fairly uniform, and are free 
to drive up the engine, without being troubled with the back¬ 
pressure making the engine run badly 

Hessrs Bertrams, Limited, have been good enough to give me 
their opinion on this subject, which I give m their own words as 
follows - 

Our opinion is quite decided in favour of using exhaust 
steam m the drying cylmdeis, as theory and piactice prove it to be 
the most economical method. "When the exhaust is condensed m 
the cylinders at say 5 lbs pressure, the latent heat is used m 
drying the paper, and the sensible heat is recoverable as feed-water, 
available woik being done by each unit of heat m the steam 

44 A very impoitant point to be noted m connection with this 
is the small increase of total heat lequned by steam as it is 
increased m pressure To increase steam from 5 lbs. to 80 lbs 
pressure only requires tlie addition of about 29 units of heat, and 
in reducing the pressuxe it only loses that amount while giving off 
the power m passmg through the engine The exhaust steam is 
therefore not fai short of the value of live steam for drying 
purposes 

** It is somewhat difficult to arrive at correct figures for steam 
required to dry paper, as it depends on so many varying conditions 
Theoretically about 2 lbs of steam, ordinary pressure, should 
suffice, but practically it requires much more 

Some engineers (Continental) claim that 0 16 to 0 2 lb of 
coal will dry 1 lb. of paper, hut we are very doubtful indeed of 
chese figures. 

<fi Our experience shows that about 3 lbs. of water are dis¬ 
charged from the cylinders per 1 lb of paper made when exhaust 
steam is used, this, of course, including all the condensation right 
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from boilers, and includes that from tlie engines In one ca^e we 
tested where live steim was used, the results were practically 
identical, but unless proper arrangements are made to collect the 
water for a considerable period, errors must be expected The 
above, however, would show that about i to ~ lb of coal is 
lequned for driving the machine and drying the paper, depending 
on the quality of coals, which we had no means of estimating. 
The machine we refer to was driven by two steam engines, winch 
were never indicated, but which would probably indicate 50 h p. 
steam pressure—about lbs There was thus about 2,700 lbs. ot 
steam condensed m the cylinders, a little of which was live steam 
added to supplement the exhaust Had these engines been con¬ 
densing they could not possibly have leqmied less than 23 lbs of 
steam per h p pei hour, or sav 1.25o lbs per hour, while the paper 
would have required about 2 S G«*U lbs live steam making a total of 
3,83 h lbs steam against 2,7*»U lbs. steam per hour, oi a saving of 
1,150 lbs. per hour on 900 lbs of paper. TTe may say that when 
the machine we refer to was started, an old one with condensing 
engine was stopped, and the coal bill reduced by from 4 to 10 
cwts per ton of papei M 

Qvestiox 5 — JVh'ft ate the average hmiU of Undents s of 
anting pa pets 7 Foi a guen mean thickness, cafe date the a eight 
per squate uieire of papet of 3o per tent ‘ cellulose density” (i e. 
equal volumes fib/e subdance and air spate) Tali ay a breahny 
length of 7,500 m , what mammon weight aid thepapet supportpet 
1 un of breadth ? (Take the sp yr of cdlidose at 15) (23 ) 


Answer 5 —The thickness of writing papers varies very 
considerably It would be almost impossible to say what the 
minimum or what the maximum thickness is, but I give below 
a fair statement expressed m mm. of the thickness of writing 
papers — mm 


Thm paper 
Foreign note 
Thm bank 

General run of typewriting 
Yery thm 

Oidrnary notepaper for private use 
Thick notepaper 
General limits 
Expressed m inches 
Ratio of thickest to thinnest 
Typewriting papers used for carbon copies as thin as 0 025 


0 05 

0 04 
0 05 
0 07 
0 04 

0 10-0 12 
0*188-0 20 
0*04-0*20 
0 0016-0 0080 
1*5 
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Taking n 1 mm as mean thickness, with a mean cellulose 
density 01 " 5u per cent, the weight per unit of area m grammes 

per c-c would be — = 0 7o giammes per c c As 1 c c 

= in x lt» x m, or 1 00 O c mm , a paper 0 10 mm thick, and 
l,u»»u c mm volume, would have a surface of 10,000 sq mm 
Xow 1 sq metre is equal to l,ooo x 1,000 = 1,000,000 sq mm , 
therefore", 1 sq metre of papei, with a thickness of 0 1 mm and 

" n , 0 75 X 1,000,000 

ce, ulose density or jo per cent would weigh - -—-- 

= 75 grammes, which m ozs would be about^ = say 2| ozs 


One cm = lo mm 

One metre, In mm wide = 10 X 1,000 = 10,000 sq mm, 
but it has been shown above that 10,000 sq mm of the papei 
m question weighs n 73 gramme Therefoie a strip of the paper 
1 cm wide and 1 metre rn length would weigh 0’7o gramme 
Tnerefore the maximum weight which this paper woulcTsupport 
on a widen of 1 cm, and with a breaking length of 7,300 m , 


would be 0 7b x 7,500 = 5,623 grammes = 


5625 

455 


12 4 lbs 


Remarks—I do not trunk the teim “cellulose density ” would be undeistood 
It evidently he*e refers to a paper consisting of 50 pel cent cellulose by volume 
ana 50 per ee^t an space It is quite evident that if the specific giavitv of 
cellulose ts z a-sen at 1 5»‘ ? tne specific weight of this papei would be half this, 
or 0 75 gi name per c c 

Note th^t 1 cm width is very narrow for a test, and is far too nanow for most 
practical purposes Although this paper only suppoits 12 4 lbs on a width of 

12 4x5 

10 am (ur § or an inch), on an inch width it would suppoit at least-^- 

- 31 lbs 

F 01 farmer information on this subject see Paper and Pulp, Nov 1, 1901, 
i‘dge 763 

Question 6 —Describe the plant you would put down to recove) 
*hvl cmisUnse the soda in the hguois from the boiling and Hashing 
of l<»o tons of to per weelc State the approximate number of 
y* divas p r ho do , the penentage of soda you uould eipect to recover , 
and the toff 01 labour , lime, and coed , per ton of soda ? ecovei ecL (25 ) 

Answer 6.—This question is largely a matter of the amount 
of liquor which may be run mto the stream without alarming the 
H-powerful riparian authorities Briefly, I should put down two 

to-date Porian roasters with large evaporating chambers ; 

Imviators, say 6 feet square , two cansticismg cisterns fitted 
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with agitators m feet diameter by ( i feet deep , two laige tanks 
for the causticnsed liquor, say 3 m feet long by In feet~wide by 
7 feet deep, with the necessary pumps ; one large shed or house 
for the recovered soda to burn out m, and the chimney would be, 
say, 20o feet high, so as to get nd of the fumes The question of 
tanks for the liquor from the gia-s would depend on the number 
of the waters to be evaporated The lime mad should be treated 
m a vacuum filter so as ta get oat as much of the caustic liquor 
as possible With from 2,5uu to 3,uou gallons of lye to evaporate 
per boiler the above p^nt would work very well, and the soda 
recovered should average from GO to 7o per cent, and the cost 
for labour, lime, and coal should run out at fiom 2> to 2 u> per 
ton of ash recovered The conditions vary very much m different 
nulls, and it is claimed that the Yaryan can do better than this. 
It is difficult to say what it costs for the upkeep of a multiple 
effect, but whatever may be said against the Pouon it must be 
admitted that it can be kept m older for very little. 

Question 7 — Discuss fully the conditions of geiwiiahon of 
jrcijiers by size solutions in tub-sizmy Hon would you i ary these 
conditions , including the coingObitwn of the size, to jhodioe the be^i 
effects 7 How would you mvettigafe the ycipei io'oscerUnn the dis¬ 
tribution of the size end the sizing cffe< t 7 (2o ) 

Answer 7 —I have given a good deal of information on this 
subject m my lectures on sizing before the Dickinson Institute. 
The conditions of penetration depend npon several factors First 
of all we have the gelatine itself Some gelatines have much 
greater powers of penetration than others The first draught 
would act differently to the third draught fioixt any given raw 
material Gelatines" prepared from different raw materials differ 
m respect to penetration one from the other This is partly due 
to their power of gelatinising and partly to other causes. Another 
factor is the paper itself. ^Sorae papers allow the penetration of 
size much more easily than others This would depend not only 
upon the material of which the paper was composed, but also on 
the way m which ie has been beaten and the extent to which 
it has been beaten. It would depend also very largely upon 
whether the paper had been rosm-sized. Rosm size, of course, 
reduces the penetration very materially, and renders the gelatine 
sizing more or less superficial, according to the amount of 
rosin piesent Apart from the question of rosm, the penetra¬ 
tion depends on whether or not the paper has had alum in the 
furnish. If alum has been put into the engine, so as to give 
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the paper an acid reaction, the penetiation is reduced enormously 
Tne addition of alum to the furnish is, perhaps, the most easy 
way ot controlling the penetration, although foi obvious reasons it 
is very seldom resoited to. 

Xex: we come to the stiength of the gelatine If the gelatine 
is strung a high percentage of gelatine penetrates much less 
readily than a low percentage, on account of the difference in the 
viscosity of the solutions The temperature ol the size also 
influences the degree of penetration The higher the temperature 
the 7 ess viscous the liquid, and consequently the greater power of 
penetration The next point is the question of the amount of 
alum m the size The thickness of the solution is largely de¬ 
pendent upon the amount of alum piesent This I have discussed 
at length m another publication Up to a eeitam point the 
gelatine line kens on the addition of alum By the dextrous use 
of aluoi in the sizing-trough the penetration can be xegulated to a 
very large extern Xexfc,the question of the way m which the 
paper is passed through the sizing-trough makes all the difference 
to the penetration. If both sides are totally immersed, it reaches 
tne size the an more or less occluded, preventing the size penetrat¬ 
ing and retaining the gelatine on the surface If, on the other 
hand, the paper is wetted with the solution on one side first, so 
as to allow the gelatine to soak up to the upper surface before the 
upper surface is immersed, the an is driven through, and the 
penetration is very laigely meieased The rate at which the web 
passes through the solution has something to do with the penetra¬ 
tion The question is also affected by the dampness of the paper 
after it leaves the drying cylinders It is usual to have the paper 
bone-dry before it passes into the sizing-trough If it is at all 
d imp, 01 even an-dry, the air is more readily driven out of it than 
it is when it is bone-dry, consequently the penetration is rendeied 
easier. The penetration may be affected by the addition of soap 
to the size Some papermakeis use a certain amount of soap 
in their size; otheis use a clear solution This alters the be¬ 
haviour of the size towards the web of papei. Lastly, the penetra¬ 
tion may be affected by the amount of pressure put upon the 
squeezing rolls used foi squeezing the surplus size out of the paper 
back into the sizmg-trough. The tendency of the rolls would be 
to squeeze any remaining air out of the pores of the paper 

The investigation of the paper so as to determine the distribu¬ 
tion of the size is by no means an easy matter It would be 
extremely difficult to determine the percentage of gelatine on the 
different portions of the paper, and it would be a most tedious 



operation, as fckeie is no method for the determination of the 
percentage of gelatme which could be used by an ordinary mill 
operative. It is a process which requires a good deal of chemical 
knowledge and skill The disaibution of the size on different 
portions of the paper can only be judged m the finished sheet by 
testing the paper for its power of resisting ink Some idea can 
be arrived at, however, by standing underneath the web of paper 
as it leaves the squeezing rolls and looking through it It will be 
noticed that some portions of the sheet are more wetted than 
others, unless the pressure on the rolls is absolutely uniform 
throughout the width This is extremely difficult to ensure. It 
may result, therefore, m an irregular distribution of the size 
Any irregularities m the make of the reaper and m the thickness 
may also result m a bad distribution of the size 

These, and other causes, may account for a difference of sizing 
qualities m different portions of the sheet. The most common 
method of testing paper for its ink-bearing properties is to take 
standard ink (Stephens’ blue-black ink is almost always used for 
this purpose) Into the mk dip a new quill pen, and with this 
pen full of mk trace lmes along the sheet of about one-eighth of 
an inch m width, also trace lines at right-angles to these, and 
allow the paper to remam until the mk is completely dry Then 
turn the sheet ovei, and observe whether the mk shows any signs 
of penetrating through It does not follow that because the mk 
cau be seen on the other side it has necessarily penetrated, as the 
mk bemg seen may be due to the transparency of the sheet In 
order to test to what extent the ink has penetrated, tear the sheet 
along the line where the lines have been drawn, and obseive 
whether the torn edge is completely black, due to the complete 
penetration of the ink, or partly white on the one side and partly 
black on the other, showing the partial penetration of the mk. 
If by this test one poition of the sheet or web should show any 
difference from the other, it would not necessarily indicate that 
there was a greater percentage of gelatine on the one side than on 
the other, but it would indicate that the size had not been 
regularly distributed. 

The above test should be repeated, using a steel pen. The 
latter, of course, tends to cut the surface of the paper. The 
advantage of the former is that it merely shows where the mk 
itself will penetrate without cutting the surface, as, however, 
a steel pen is generally used, and often with a sharp point, the 
papers nsed for writing upon should stand this latter test It is 
important also to test^the paper after it lias been glazed, as the 

VOL. II k 
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glaz-ng of tlie papei often reduces its power of resisting ink, 
especially when' crushed through excessive pressme m plate 
glazing 

Theie is another and very useful test, and that is a test used 
]iy Leonhardi. described m Herzberg’s book on “Paper Testing ” 
A series of hnes are drawn on one surface by means of a pen con¬ 
taining neutial solution of chloride of iron When this has been 
allowed to dry, the opposite side is damped with a solution of 
tannic acid in ether If the chloride of non has penetrated the 
paper, on coming m contact with the tannic acid it will foim 
a black mark This test can with advantage be varied, such as 
by brushing one surface with the tanmc acid solution, and when 
this has dued, letting drops of the chloride of iron solution fall on 
to different parts of the sheet, observing how long it takes for 
a black mark to be formed when the sheet is held so that the 
hght can be seen through it. I have used this test on many 
occasions and found it exceedingly useful; but the test with 
the quill pen and Stephens’ mi is the one which is generally 
regarded as the practical one 

Question 8 —State fully how you tvould handle the heating 
r»cl h uhen heating the 'pulp fur the papeis mentioned m Question 2. 
VThar tjjecwl methods uould you adopt to secuie that the tuoodfihes 
oidd he so Wended as to prevent the finished sheet from having a 
' voodg" appearante (20 ) 

Answer included m No 2. 

Question 9.— State what you hnow of the hydrated modifica¬ 
tion^ of ifJlulose, and then functions in the papermaking process. 

T That special effects aie obtained by these hydicites chemically 
pi epared ? (23.) 

Answer 9 —This is too wide a question for me to discuss. 
The best thing I can do is to refer you to the following publica¬ 
tions, and to others by Cross, Bevan, and myself bearing on the 
subject. 

References —See “Cellulose,” by Cross, Bevan, & Beadle, 
papers mentioned on p 28, and other publications by these authors 
appearing m the Journal of the Chemical Society, the 
Society of Chemical Industry, the Society of Arts, and 
m foieign journals Also in the following publications by the 
author “New Cellulose Derivatives and their Industrial Ap¬ 
plications,” August, 1894, Journal of the Franklin Institute 
ivol cxxxvm.. No 824), “Viscose and Viscoid,” Journal of 
the Franklin Institute, January, 1897. 



Question 1i» —Whettni he the odionttyn* of the nivhqjle efted 
ei/tjjot ctfot and tit* tuhny f/tinnc 7 St tip a hat you Icfiotr of rhe 
jui acta at it Oihtag of ( nth, a fid to mu 0 6 1 h c iit ** t fh th u JPot tail sydenl 
as io the efficiency and co^r of nuiiutennnte (JO ) 

Answer 10 —In ordei that; you may airive at some definite 
conclusion in regard to tins matter, I "would refer you to an 
article on Comparative Results or Quadruple and Open Effect 
Evapoiation/’ Paper and Pulp, August 15, Umj, and the 
pamphlet on the Pomon Evaporator hr Messrs Davis Pros , 
Blackfriars Street, Manchester 

In Lecture 4, before the Dickinson Institute, I attempted to 
show ceitam points of difference between the two systems which 
might help a student to form some conclusion when* he has some 
particular instance under consideration, hut, not being an expert 
on this subject, I would not venture to give a more general 
opinion. 

Question 11 —Gue briefly a fad scheme for die analysis and 
testing of ut if mg and loolc payers Gue aho a selection of the^e 
tests fat uijjitVy deter mini ag the main fee din ts of composition ('In ) 

Answer 11 —I should propose the following scheme for 
rapidly determining the mam features of composition for writing 
and book papers Boil in 1 per cent solution of aniline sulphate, 
and note if solution turns yellow or red It yellow, it indicates 
the presence of wood ; if red, straw and esparto Immerse small 
pieces in a very dilute solution of iodine Blue coloration 
indicates the presence of starch Boil a small portion with 
distilled water for a quarter of an hour, filter, add, thoroughly 
dissolved, 1 per cent solution of tannic acid Floeculent biown 
precipitate indicates the presence of gelatine Boil a small por¬ 
tion with strong alcohol, cool, decant off into distilled water. If 
an opaque ring is produced where the two liquids meet after 
standmg for half an hour, rosm is probably present Shake the 
alcohol and water together, cloudiness indicates the presence of 
rosm. In the eveniT of there being no wood, esparto, or straw, 
&c , a fragment of paper placed partially immersed m a watch- 
glass m strong pure sulphuric acid, if it gives brilliant red colora¬ 
tion, would indicate the presence of rosin. Apply Wurster’s 
reagents, and compare with scale to see if there is any mechanical 
wood. 

The fibres are best recognised by taking a portion of the 
paper after it has been boiled foi half an hour m the I per 
cent, solution of carbonate of soda, shaking m bottle with water 



containing agate?, and placing a drop of the water on the micro¬ 
scope glass ^ The fibres are treated with strong sulphuric acid 
and v ith iodine, and examined under the microscope, and can be 
recognised bj their various characteristics 

Bum a gTamme of paper, weigh ash, to determine peiceniage 
If ash is entirely insoluble m the weak solution of hydrochloric 
acid, it is probably due to clay , if soluble, and precipitate formed 
by the addition of a drop of barium chloride, the ash is piobably 
terra-alba Agalite is insoluble but can be distinguished from 
c ay under the~ microscope by its needle-shaped crystals If the 
paper is blue and the colour is discharged by strong acid, it is 
probably due to ultramarine, especially if the bine colour remains 
m the ash If not discharged and the blue remains m the ash, 
the colour may be due to smalts 

Bemapks—T ne ibove test* are by no means conclusive, but I could not 
suggest i better brief scheme for the examination of papers to get some lough 
uea ot composition 

Que^tiox 12 — Schedule the proportions of chemicals you rvould 
me hi boding and bleaching (1) Manilla ropes for stiong cartridges ; 

(2) Fla v waste for caps , (3) Unbleached cottons for loan papers ; 
(4) Jute foi casings , (5) Muslins for blotting s. State temperature , 
pi\?$swe, and duration foi boding , together with any special modi - 
demons you consider advantageous (30 ) 

Axswee 12— 

fl) Manilla rope. 15 per cent lime, 3 per cent, soda ash. 
12 hours at 15 lbs press. 

(2) Flax waste. 15 per cent, lime, 3 per cent, soda ash. 
12 hours at 15 lbs. press 

(3) Unbleached cottons. 3 per cent, lime, 70 per cent, soda, 
6 hours at 20 lbs. press. 

(4) Jute 15 per cent. lime. 12 hours at 15 lbs press. 

(5) Muslins. \ per cent. 70 per cent caustic. 4 hours at 
20 lbs. press. 

(1) Bleach. 10 to 12 per cent, according to colour required 

(2) Bleach 8 per cent according to colour. 

(°) 5) 0 „ „ „ 

(i) „ 12 

( 5 ) 39 % ^0 O „ 33 33 

OillSSIOKT. 

Mb. H J. Brows, JtrsR., of Messrs. Olive Bros., Ltd., has 
teen good enough to bring to my notice the fact that I had made 
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a serious omission m answer to Question 11, Ordinary Grade, 
page 115 I had mis-read the question, and as a consequence, 
made the answer shorter than it otherwise should have been 

Mr Biown took the view that under (a) and (5), m addition 
to giving the mineral and colouring constituents, it should have 
included the fixing agents 

I communicated with the examiners, who informed me that 
this was what was mtended m the question. Under (a) might be 
included gelatine and hgnone, which, on precipitation, assist m 
the fixation of mineral matter—also casein used in the beatei, 
and the more ordinary constituents, rosin, precipitated by alum, 
and, lastly, starch Under (fr), of course, we have gelatine and 
casein, with the addition of alum and formaline, the latter tending 
to render both these substances insoluble. 

For further information I would refer you to existing publica¬ 
tions, among them the Battersea Institute Lecture on w Ai t 
Papers,” and Croxley Lecture on “ Paper Sizing ” 



XII. 

ANSWERS TO THE 1903 QUESTIONS 

Bemad es —I snail not attempt tins time to give specimen, answers, "because bv so 
domg I snoala m many cas»s be repeating points that have been thiashed out already 
vt consider ime length m Paper and Pelp My endeavoui will be this time to 
gn e m r o T ’inat , o!i in respect of must of the questions, which, as fai as my judgment 
goe a , wol id enable students to &ee how they might have shaped their answers 
berue of t"e questions are very much on the lines of some Paper and Pulp 
c, ”tiCies, '’ad tne aoi’itv to answer suen questions would laigely depend upon the 
extent to TRhicn Papep and Pclp has been lead I would once again lemmd all 
t^ose wao wisn to advance t^eir knowledge by then own personal effoit, to make 
use cf tie mass ot last year’s Papep and Pulp, and by its means follow up the 
I texture under tne diherent headings This mode of procedure is far more 
sat sfaciory (at least I nave alwavs found it so) than attempting to read through 
a tent-bood I would, of course, advise the use of as many tett-books as possible 
as cooks cf reference wiien reading up any blanch of the subject of papeimaking, 
in wmen case tne indices of tne test-books should be made fiee use of 

In all leaning students wdi, if they read carefully and not too quickly, find 
contradictions and errors, and will, theiefore, find it necessaiy to use a great deal 
of discretion m accepting or rejecting statements They must think and judge 
for tnem=elves, and try to ascertain how far their own peisonal expenence and 
observation agree witii the current literature. Students can best advance then 
knowledge fc^ taking up a somewhat independent position 

Before setting to work to prepare remarks and information m refeience to the 
1903 questions, 1 consulted my fuends Mi Cioss and Mr Clappeiton I am 
much maebted to both of tnese gentlemen for their valuable suggestions and 
information I am further indebted to Messrs Beitiams, Ltd , for information 
m regard to certain questions, and to a practical papermaker, whose name I 
am not privileged to mention, for information m regard to Question S, 
Honours Grade I am also indebted to the Butish Westmghouse Electric and 
Manufacturing Company, Ltd, for their couitesy in supplying me with up- 
to-date information Tne publication of this work has been somewhat delayed 
on account of my absence m tne United States and Canada 


Ordutaby Gbade. 

1903. 

QrEvriOB 1 —Descale the structural features of straw and 
e>paiio and of the f it es of then lespective half-staffs What aie 
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the oiemge dimenhions and ■>, trvc'vml ft-ofine* of lutton "ml linen 
if oil) when fuhy lenten ? (25 maiks ) 

Axswer —Straw and esparto may be classed as shoit fibies 
when regarding them in comparison with cotton and linen, as 
they are somewhat less m diameter tiian the two latter, but 
aie very much shorter They differ from cotton, furthermore, 
in. that they have very small central canals, and as a consequence 
are non-collapsible The ends of esparto are solid and rounded, 
and, m consequence of the lateral piessure exerted by one hbre 
upon another, the sides are often hexagonal instead of lound, 
resembling honeycomb m section but nearly solid, with small 
hole m centre—the shape naturally assumed when rod-like materials 
capable of compression and of being moulded are influenced by a 
lateral piessure The lateial pressme is the result of giowtk and 
expansion m a confined space 

Straw is smoother on its surface than esparto, and is more 
polished, it is also more inclined to take up water and work 
“ wet ” on the machine It is the shortest of papermakmg fibres, 
with the exception, perhaps, of mechanical wood, which, when 
finelv ground, is sometimes shoiter. 

The gieat feature m regard to esparto is its excellent 
surface for takmg printers’ mk in fine lines and half tones, 
a property which is not possessed in a like degree by any other 
fibre 

Straw, on account of its extreme shortness of fibre, being 
only about a fouith the length of those of esparto, or dgth that of 
cotton fibre, is seldom used alone for papermaking Its chief use 
may be said to be m conjunction with rag stock, where it fills m 
the interstices between the large fibres, and has a very beneficial 
effect m certain cases, giving hardness and rattle m a lag paper 
even when used to the extent of 5 per cent On account of its 
tendency to work wet, it imparts qualities to other stock very 
much needed in certain cases 

I give here, as information m regard to the latter half of 
the question, particulars of the dimensions of cotton and linen 
fibres both before and after beating, and have arrived at an 
average bv taking different kinds of cotton both for length and 
diameter. 
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BlFOIUj BEATIXCr. 


C'llcaloti '7 from vhle& given in Gto&s <L Seven's Booh on Pdjgei - 

mohing 


Cotton 


Average length 


Giossypium barbadense 
, acuminatum 

„ arboieum 

Bombax heptaphylluni 


4 05 cm. 
2 84 „ 

2 50 ., 


11-89 


Mean of four varieties— 

2 97 cm. 


= 29 7 mm 
1 188 inch 


Say 14 mch 


Cotton 

Giossypium barbardense 
\ acuminatum . 

„ arboreum 

Bombax heptaphyllum 

3Iean of four varieties 



Diametei 


Mai. 

Mm 

Mean 

1*92 

2 79 

tos™m. 

2 35 

2 01 

2 99 

2-50 

. 2 00 

3 78 

2 89 

. 1-90 

2 90 

2 40 



2 53 


The mean diameter = 0 0253, oi, say y~o of an mch. 

The normal diameter for the three fiist is 0 0281 mm 

There are three classes of fibre in all cotton—viz. (1) ripe, 
(2) half-ripe, and (3) umipe fibres—and, as a consequence, the 
fibres vary considerably m length, diameter, and m general 
appearance. 

“Xormal"’ fibre (vide supui) may be described as the one 
geneially found, which does not necessarily, however, repiesent 
the “average ’’fibre The effect of beating is to broaden and 
flatten cells and so increase their diameter The appearance and 
dimensions of the cells after beating depend largely upon whether 
the fibre is got from new rags or from well-worn tendered rags ; 
it depends somewhat upon the chemical treatment, but very 
largely upon the way the beating is conducted With well-worn 
rags there is a tendency of the fibres to become very much bruised 
and mutilated, and to split off into fibnllas The “ mean ” length 
of beaten cotton varies enormously With short stuff for thick 
papers it may be only one millimetre, or ^bth of an inch, but m 
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strong papers ic frequently readies from \ to £ of an inch, ox s to 
IS millimetres It seldom happens that the beating is conducted 
m such a way as to leave the fibres intact This would hardly be 
possible even when beating very gently for a period of say 8 hours 
The pioportion of fibrillse may be from in to 20 per cent of 
the whole weight of fibrous material, and it is impossible to say 
what length and dimensions these fibrillae have In the case 
of cotton, fnrthermoie, it *s often no easy matter to distinguish 
between the fibullae and the ultimate fibres, and the two are often 
connected A fibre may be intact for a portion of its length, and 
at one end split off into" brush-like fibullae. 

With blottmgs, filtei-papers, and such like, where the fibres 
are worked with sharp tackle and quickly beaten, it is easiei 
to determme the length of the individual fibres under a micro¬ 
scope 

The most easily defined is a paper m which the fibres are cut 
with sharp tackle, and from new material 

Lengtns 

Min Max. Mean 
cm cm cm 

Linen (flax) fibres before beating . 2 u 4 0 3 0 

Mean length " 30 0 mm 


Linen 

Mean diameter 
Normal diameter 


Diameter of Fibres 
Mm. Mas Mean 
ifcmm nbmm nfemm 

12 2 5 185 

0 0185 mm 
0 0160 „ 


Or, in inches the flax fibre would have a mean dimension of— 

Length, 1 2 inch, oi ll inch. 

Diameter, 0 00074 mch, or three-fourths of the mean diametei 
of the cotton fibre 

If raw flax is used for papei making, and provided that it Is 
incompletely retted or boiled, it may exist in the finished paper as 
filaments, m which case the filaments may be four times the 
length of the ultimate fibres , but under ordinary circumstances 
this is not so 

Flax is very liable to split up into very fine and long fibnllm, 
which cover the field of the microscope between the other fibres. 
The presence of fibrillee m flax pulp is due chiefly to severe 
mechanical tieatment, often in the dry state before boiling 

The physical characteristics of flax fibres are very much 
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destroyed m a fabnc, as a result partly of weaving, heckling, &c , 
bat chiefly to subsequent wear and washing, and, as a consequence, 
it often has an entirely different appearance under the microscope 
to an ordmaiy flax fibre— i e law flax which has not been used 
for weaving Fibies from tendered and well-worn linen rags 
differ very materially from the fibres from fine canvas, not only 
m stiength* but m physical qualities geneially, as well as m 
behaviour to chemical reagents If the beating is carefully con¬ 
ducted and long continued, the fibres of strong stuff, partieulaily 
raw flax, may be drawn out almost to full length of fibres, m 
which case they may exceed an inch; but the average length 
of the fibres m any case must be much less than this, even in the 
snongest papers, and m short stuff some of the fibies do not 
exceed the length of one millimetre, or ^th part of an inch 

Remarks —I mrQ answered this at fullei length than would be expected 
fiom a student at the examination, but the Hnd of lemaiks and mfoimation 
as would expected fiom a student aie heie given foi his guidance Any 
st jlent qualifying foi tne examination should eairy m his mind some appioximate 
figures to tne actual dimensions of the leading papermaking fibies If he is 
unable to trunk or lealise dimensions m millimetres, he should expiess himself in 
inches Ir ne cannot express himself in decimals of an inch foi diameteis, he 
snould put down the numbei of nbres per inch w^hen placed side by side , thus 
cotton would go about 1,000 per inch, linen about 1,450 befoie beating, but 
fewer to tne men afterwards 

Qitestxox 2, —What advantages aie gamed by using bionze 
hi [dace of bteel for beatet bens and plates ? State the materials m 
theprtpaiation of irlmli you uould expiect to secuie the best results 
font the use of bronze. (20 marks ) 

Axswee —By using bionze tackle the pulp is mellowed and 
works much softei, with the result that the fibres carry the water 
better, and, when making cartridges, &c, and kindred papeis, 
the mellow greasy appearance is more easily obtained than when 
working steel tackle The freedom from non impurities is con¬ 
siderably greater, but if steel tackle is used m the breakers the 
advantage of using bronze in the beaters is neutralised to a 
large extent The whole question is, of course, governed by the 
skill of the beater-man, and a good man will easily produce better 
results with steel tackle than an indifferent man with bronze 
tackle; but taken all round, the use of bionze for the stronger 
qualities of rag stuff and for the better qualities of paper gives 
distinctly better results 

Bronze bars do not rnst when lying idle, and do not give rise 
to dissolved iron as steel bars do. At times verdigris is formed 



1 M 


on bionze when lying idle, bufc not so readily rust on steel 
bars, and it is not so objectionable as rust If "a bolt or nut gets 
between the bars the fractuie is not so sexious as vuth steel The 
rust on a steel bar causes a bad and rounded edge oi a jagged 
and uneven edge. The wearing away of a bionze bar keeps a 
square edge 

Bronze is bettei than steel where the work to be done is of 
a brushing nature Bronze does not bieak like steel Bronze 
does not vary m temper like steel Bronze is not liable to bum 
or blacken fibres like steel A good price can be got for old 
bronze bars, and the sharpening is more easily effected 

Remarks—P lease note that von are not requested to gi\ e a comparison 
between bronze and steel bar* You r T e asked to hold ? brief for bronze, and 
point out all its advantages and rone of Vs aisadvantages As good a case, 
perhaps, could be made oat m favour of steel Dar* Steel cuts better, requires less 
powei per ton of output, and do^s not wear down so qu ckiy on its edge At ore 
time steels bars nad all to be renammeiea or discarded, but now trier are often 
chipped m s ft* Fo^ manv puiposes tne presence of a little ra^t or me+el! c i*on 
is ol no consequence, tnereiore steel *s preferred Woere tne wora requires toe 
roll well down bronze would soon we*** away, but steel would stand Steel Dais 
are only about one-quarter tne pr*ce &c , &c 

Question 3 —Mention the vm tons fu? tus of uoocl jndjjs, unit 
then nxoie pcnticidu) v$eGive a short account of then preptiiutmn 
fiom the oiignwl itoocb What do you undeisPmd by a ^hony 
sulphite pvlpf and huic vould you determine ichexhei a yuen 
sample confonns itith this description ? (25 marks ) 

Answer —The botanical classification gives us the best clue. 
Thus the conifers give us the long fibres—the pme and spiuce 
They come m for wrappings and to strengthen “ mechanical ’ foi 
news and such cheap papers When bleached they can be used for 
higher class, such as strong writings , and if the ultimate fibres 
are beaten and reduced they can be used m place of cotton and 
linen. Long heating and not reduced but bleached for banks 

The sulphate process is now m a large measure taking the 
place of the soda process. The c4 process ” does not now deter¬ 
mine the nature of the pulp so much as formerly It is now 
possible to produce a sulphite pulp soft and so as to impart bulk, 
or hard nonbulking. The sulphate pulp can he made use of m 
place of soda wood. 

The conifeim belong to the gymnosperms. The fibres show 
pores or pitted vessels under the microscope if not too much 
reduced by boiling and chemical bleaching. 

The cottonwood, aspen, poplar, &c., belong to the dicotyledon, 
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and aie exogenous—that is, they glow fiorn the outside The 
nbies aie much shorter, and aie used largely m the States in 
cases where we in England would use esparto The effect, how¬ 
ever, is not exactly the same I believe the aspen is more often 
used m its bleached condition They are prepared either by the 
soda, sulphate, or sulphite processes, 01 ground mechanically and 
sold as mechanical wood pulp The chemical pulps are sold 
either as bleached or unbleached, moist or dry, according to 
circumstances The mechanical is always, I beheve, sold m the 
moist condition. 

There is something m the nature of “mechanical” which 
would make it inadvisable to dry down It should never be 
dried down below 5<> per cent, watei before being put into the 
heater. There are terpenes and other bodies essential to the 
propel working ot mechanical that are removed on diymg 
3Iechamcal should always be made from unseasoned wood 
Waste paper consisting chiefly of mechanical works “fiee” if 
remade Few people seem to realise the fact that the volatile 
constituents of mechanical play an important part, and m esti¬ 
mating the moisture in mechanical, these volatile bodies aie 
duven off with the moisture. 

I understand by a *■ strong sulphite pulp,” wood pulp chemically 
prepared by the sulphate process from a long-fibred wood such as 
juavs sylvestns The pulp must be underboiled or incompletely 
boiled in such a maunei as to leave a hydrated non-cellulose 
residue, fiom which the pulp largely derives its strength. The 
condition in this lespect can m some measure be judged by the 
behaviour of pulps to certain reagents, a table of which I give 
on p 141 from my own observations 

Question 4 —Describe the conditions which give use to “ 6 hiv¬ 
ing” in front of theJtistpress tolls, and state the precautions you 
it add take to prevent it when making thin paper on a close-textured 
uetfelL (20 marks.) 

An^weu—“B lowing” is usually caused by the presence of 
air between the wet felt and the web of paper, and may be cured 
m various ways; and to ensure that the conditions which give rise 
to it shall be avoided, the wet felt should be kept tight and the 
seam quite square, as otherwise the felt will become twisted and 
the texture much closer, so that the air will have much greater 
difficulty m getting away. The felt roll immediately in front of 
the press rolls should be slightly raised. Should “ blowing ” still 
contmue, then a small roll run on the top of the paper may cure 
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it, or it may be cured by putting a suction box under the felt just 
before the press lolls, and thus drawing the air through the felt 
This plan is most effective. 

Another plan is to pass the web of paper over a small roll just 
before it goes under the press loll, but if the paper is very thin 
this often causes much broken. 

BejiJlFKS—A lutle consideration will show that the “blowing” is due to 
vi-locking, and some provision must be made eithei to prevent the an fiom 
reaching this spot 01 of lemovmg it The loll to lift the paper ofl: the felt will 
diow am to escape, ana a roll heaung on the top surface will cause the an to 
pass out siaewavs Tne laismg of the ielt loll immediately m fiont of the press 
io TT s persuaies tne an to escape at the highest point, and, of course, the suction 
o<‘S draws tne an uown thioagh the felt So long as the felt is maintained with 
Oyf’n texture, tne air can pass tmough The pocketing of the an is due to press 
rods, w^.cn present t^e an from coming further forward 

Question 5 —With bleachingpoudei of 35 b per cent “ avail¬ 
able ihh'ine" at £4 lb* pei ton } calculate the value of the 
tldunne” get pound and per lilo A waste bleach hquoi ts 

feared, and found to contain 0 01 giamme fi< chlorine 53 per 100 c c. 
what quantity does this lepiesent on 9G3 gallons of the liquid? 
Cahulate the quantitg of sulphite ctnhchloi — NcuSopH.O—required 
to “ aeutt ah^e ” (2b marks ) 

Axswee —To make the first calculation, the price per pound 
of u chlorine M is arrived at as follows — 


4 75 X 100 X 20 _9,500 

2,24o X 35 3 ~~ 797520 

or, 0 119 x 12 = 1 428 


= 0 119 shilling, 
pence per lb. 


This would equal m kilogrammes— 


1 428 X 1000 
453 


15 pence per kilo. 


The “neutralisation*’ by sodium sulphite takes place m the 
following proportion :— 

Cl 2 = Ka 2 So u 7H 2 0 

35 o X 2 = 46 -f- 64 -j- 48 -j- 18 X 7 
71 0 = 284 


A waste liquor containing 0 01 Cl per 100 c c. would equal 
1 lb per 1000 gallons ; 963 gallons would, therefore, contain 
0 963 lb This would equal m crystalline sodium sulphite— 


0*968 X 284 


3 85 lbs 


71 
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REM apks —The above question is an extremely goon test of a man’s, abiiit-' 1 ’ 
to work out tins sort ot problem In nine cases out of ten, or pexiiap* mnet\- 
nme out of a hundred, no formulas are required all that is necessary is a little 
tnought and common seme I always nnd tne easiest wry is, to tVnk foi a 
moment, and then set down the vulgar fraction stiaignt away, without the use of 
any formula I have tued to make it plain how this may be done in the aoo\c 
answer 

Question 6 —What advantage^* if any* an obtained bg t mi¬ 
ning e^pcoto oier the pres^e-paU jaevwvshj to ble^thing J (2 5 
marks ) 

IIemafks—T his question was evidently put to test the students r& to tre i 
ideas regaidmg the economical pioduetion of tne paper As tre bleacn ng 
previous to lunmng the espaito over tne press>e-pate is genemllv adopt*? J, it *s 
quite an open question as to whetnei toe metnod oi lunmng the grass over in tre 
gieen state is not tne most economical in the long inn, owing to tne fieedom trorp 
dnt which is thus ootamed The wnoie question turn* on whether tne pi ce or 
the finished paper will bear the additional cost of ha\mg two presses-pates, taking 
into consideration the question of the requirements o 1 the finished sreet as to 
cleanliness I doubt veiy much whether it would par to aun the esparto over 
befoie bleaching m nme cases out of ten 

QrE.sTicxs’ 7 —What do gov wide) stand bg (a) a nnttnd, and 
(b) an and ?osm size 7 Give uorlnng pat titulars fui pjegoriog 
and using them IT hat is an aietage dilution of the rosin size in 
the beaten ctnd horn is the / osin compound affected bg the dilution ? 
(30 marks ) 

Axsweb —I understand by an acid ” size one made some¬ 
what after the following *— 

1,300 lbs. of rosm, 

170 „ soda ash, 

200 gallons of water 

Ten gallons of which would contain— 

58 lbs of rosm, 

7 G „ soda ash. 

This would be considered an acid size, m that it has a con¬ 
siderable amount of free rosm (rosm being of the nature of a 
y eak organic acid) 

Its composition by analysis is— 

Per Cent 


Combined rosm 40 59 

Free rosm 14 37 

Combined soda 0 72 

Free soda . 1 34 


Dissociation may be said to exist even in a concentrated size. 
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since it shows both free rosin and free soda, which, during the 
piocess of manufacture, may have been in combination An acid 
size gives a milky solution, due to the presence of free rosm m 
suspension 

I understand bv a 4 neutral ” size, one m which there is a 
sufficient excess of soda present to keep the losm from appealing 
in the milky foim on reasonable dilution Such a size is, how- 
e^er, m point of fact, geneially stiongly alkaline; and all, or 
nearly all* so-called * acid’ losm sizes aie somewhat alkaline, 
due to the presence of some fiee carbonate or caustic soda The 
losin size should always be diluted and dissolved m water as little 
above blood heat as possible, to prevent coagulation of fine 
particles of rosm The milky solution should be about 5° Tw. 
oi under It should be allowed to settle out any coarse particles 
oi dirt, and strained through fine wire or cloth 

The dilution of rosm size m beatei depends mostly upon the 
percentage of rosm on weight of paper stock used 

Taking 2 per cent as an average on weight of paper, and the 
aveiage dilution m beatei at 5 per cent, or 1 m 20, the dilution 
of rosin in beater would be as follows — 

100 xk. = iMo or01 P er cenfc rosm 

The effect of dilution upon rosm is to free it from its com¬ 
bination, oi to bring about wbat chemists call dissociation. As 
the dilution increases so the dissociation mcieases, giving more 
free rosm m suspension, with a corresponding amount of free 
soda in solution It is highly probable that the presence of the 
fibres may aid dissociation by what is known as dialysis and 
osmosis, aiding in the Ionic dissociation. There is, furthermore, 
the chemical effect of the fibre substance, as the hydroxyls of the 
cellulose molecule have both acid and basic functions, and would 
tend to combine both with acid and basic substances 

■When milk of rosm size is raised above a certain temperature 
(about the meltmg point of rosm) coagulation takes place. The 
rosm curdles into lumps and the solution becomes clear. If the 
heating is prolonged, more and more rosm eiudles out from 
the clear solution Heat, therefore, promotes dissociation m dilute 
solution, and it must not he forgotten that the temperature m 
the engine has a lot to do with the sizing effect got with rosm 

Reharks —The above question evidently calls for a more or less theoretical 
answer, especially the end portion As not moie than eight questions aie to be 
attempted, the student who has not some theoietical knowledge could avoid this 
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“ Februair 2>, 19ul. 

“ To the Editor, Paper and Pulp 
66 Sir, 

“ With refeience to Mr Beadle’s reply to Question 5 m 
your last issue, he appears to have calculated out his weights on 
hyposulphite instead of sulphite of soda, although the formula is 
written for the latter (excepting printers’ errors) This makes 
the answer nearly f lb too high 

“ I should feel much obliged if he would give the equation by 
which 2 volumes of chlorine are neutialised by 1 volume of 
sulphite of soda Other authorities appeal to give 2 volumes 
of sulphite of soda to 2 volumes of chlorine, the equation being— 

Ca(C10) 2 + 2Na 2 SO, = CaS0 4 + Na. 2 S0 4 + 2NaCl 
If this is correct the answer is 6*85 lbs 

“ Yours truly, 

c Superfine.” 


“ March 2, 1904 

u To the Editor, Paper and Pulp. 

“ Sir, 

“ In Question 5, Ordinary Grade, the chemical equation 
has been worked out wrongly. 

66 Mr Beadle has evidently worked the equation out under the 
impression that sodium thiosulphate Xa 2 S 2 0 o was to be used in¬ 
stead of £Ta 2 S0 3 sodium sulphite as per question The calculation 
should be— 

01, = NaJ3Q <7HX) 

35*5 X 2 = 46 -f 32 4- 48 + (7 X IS) 

= 71*0 = 12G + 12G 
71 0 = 252 


Therefore a waste liquor containing 0 01 Cl per 100 c.c. would 
require— 


0 963 X 252 
71 


= 3 42 lbs. 


Perhaps this has not been noticed, so I send correction on. 

u Yours truly, 

“ Darwen ” 


“ Laboratories, 15, Boro 9 , London Bridge, S.E, March 7, 1904 

“ To the Editor, Paper axd Pulp. 

“Bear Sir, 

*• I see m your issue of March 1,1904, that * Superfine 
and ‘ Danven ’ both -ymte pointing out an error that I made in 
VOL. II. L 
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calculating the amount of sulphite necessary to neutralise the 
bleach as mentioned m Question 5, Ordmaiy G-iade. I am much 
obliged to these gentlemen for having diawn my attention to this 
eiror, which was merely one of calculation, as will be seen on 
referring to my answer 

4 Supeifine,’ although he has spotted the eiror, has failed to 
give the correct figuie foi the answei, although he has stated the 
equation correctly 

•‘Darwen,’ however, has given the correct figure, namely? 
3 42 lbs. 

4 Superfine,’ m asking whether any readers of your journal 
can tell him how to test for casein m paper m the presence of 
animal size, asks a very difficult question indeed Millon’s Re¬ 
agent is reported to show a distinction between casein and animal 
size. This distinction cannot be made except, perhaps, between a 
perfectly pure gelatine containing no albuminoids and ordinary 
casein TThen^the gelatine, as is always the case m ordinary 
practice, contains albuminous matter, there is no further distinc¬ 
tion by means of this reagent The mtiogen estimation will, of 
couise* not help you, neither will the piecipitation with tannic 
acid There is no simple means of distinguishing between 
gelatine and casein, and when it comes to estimating the one m 
the presence of the other, it is almost impossible The distinction 
can only be made, m my opinion, by those who are expert m 
organic analysis 

46 Yours faithfully, 

44 Clayton Beadle ” 

Question 8 —Which type of /ejhnag engine would you put 
down to supplement the beating poicei for the pi epcti ation of stock 
fot (1) Esparto pnntings, (2) News , (3) Typewntmg papers , (4) 
Glazed casings % Give your reasons for the adoption of any par- 
tit ular type , and state what increase in the pi oduction you would 
expect to obtain. (30 marks ) 

Axsttee —Espaito Pi in tings .—Pearson & Bertram’s gives a 
good result, as the action required is merely to rub out the knots 
and the unbroken papers which are present when “ broken ” is 
mixed with the esparto 

News —Pearson &, Beitram’s will do good work on news stock, 
but if a Hibbert beater is used there is little need for a refinei* 
The Taylor beater is, as far as I can learn, thoioughly efficient 
and economical, and requires no Tefiner. 
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Typeinmng Pape)s and Glazed —The Marshall type 

is the better form of refinei, as it mills the stuff m addition to 
clearing it 

Remarks —A refinei may often add 25 to 30 per cent to the beating pow ei 
One usually finds that m actual practice tne hoise-power short s no reduction, but 
the papers snow a distinct impro\ ement, as tne aveiage beater-man likes to Keep 
his heaters all iurmsnea up, and w nen tne powei is available the stock gets the 
advantage of being much bettei milled 

I feel a gieat deal ot diffidence m answering this question at all To ma^e a 
bald statement uithont any qualification is not justifiable I was surprised to 
find tne ordinal v tvpe of hollander so much m vogue m wnat are considered up- 
to-date news miils in the States I can only judge that the horse-power i- so 
much cheaper, and the hoise-power pei ton of stufi so much less, in consequence 
of the stub flow mg right away from grind e is, eke For an hoghsn news mill fed 
with sheets of pulp, I know ot nothing to beat the Tayloi 

The figures supplied to me by Mesais II L W Watson, details of which 
weie published m The Paper Maker,* July 3, 19o2, show the relative pro¬ 
portion as between the beaters and refiners by leaving out of consideration the 
breakers 


New jute threads 

Beater 
HPH 
per cvrt 

9 69 

Pefmer 
HPH 
pe- ewt 

2 30 

Waen power for 
Beater and Refiner 
is taken as 100 
Beater Benner 
SO S 19 2 

New linen threads 

15 59 

4 21 

7S8 

21 2 

Manilla rope 

S 43 

3 13 

72 9 

27 1 

Sulphite w ood 

10 72 

1 SO 

85 6 

14 4 

Mean of four materials 


. 

79 5 

20 5 


It will be seen fiom the above table that, tailing the average for the four 
materials, about 80 per cent of the pow er is expended by tne oeatei, and about 
20 per cent by the Marshall refiner 

I regard the Marshall engine as the best for all high-class stock, but where 
mere rubbing out is required on news stuff, I am informed by a practical paper- 
maker that Pearson & Bertram’s refiner is as good as any The following are 
some practical details — 

The sole plate is of the usual box section construction, and on it is an aunular 
casing which contains the refining discs, and is set high enough up so as to allow 
of these discs being withdrawn The casing is bored out and lined with eoppei, 
and m the hack there is fixed a disc, containing a fouith of the nambei ot the 
bronze bars which are m the whole apparatus The means of fixing m these bars 
is exceedingly simple, there being a dovetail gioove turned out, to which the oars 
are made to suit, they aie put m m foui sections with hard timoei dividers, and 
are all tangential to the centre 

Tne revolv mg disc is then put m, having bars let into it m the same manner 
as the back disc just described, the bars being m both sides of this revolving disc, 
radiating Tne front disc is constructed in the same manner as the back disc, 
but is made to move out and m so as to gn e the necessary contact between the 
bars at the back and front sides of tne refiner Tne revolving disc is shiunk on 
a steel spindle, the ends of which project through the back and front discs, and 
is carried externally m long bearings Attached to the front disc there is a cross¬ 
head connected to a screw with fine thread, whicn sits in tne front disc and gives 

* See also w The Theory and Practice of Beating,” Chapters on Papermaking, Yol.V. 
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tne nece^rn grade of pulp reqaued to be pioduced To in event the levohing 
uisl coming fiurunrd against tne fiont disc by the pre*suie of incoming pulp, a 
simple arrangement i» adopted wneieby this is entirely oveicome 

W nen tne refiner is to tieat pulp bard at one side and lightei at the other, a 
douole contact arrangement is mtioduced, and where exceedingly thick pulp it, 
desned to be treated, it is introduced at both sides of the 1 evolving disc, the usual 
inlet airangement being cn tne back disc only A feed legulatmg box is applied 
to t^e top of tne c^smc, and a 1 eguWtmg dischai ge valve fixed to the side, thereby 
g v*ng tne pu ? p the desired tm’e m the refinei before being sent to the machine 
X f ib claimed and I beheve with good reason, that this lefmei assimilates the 
various clashes of pu J p an! produces a perfectly equal sheet of paper impiovmg 
the clearness of laid papezs and closeness of uove papeis, and that it lessens the 
quantitv of broken ” by brushmg out all the unboiled paiticles which aie apt 
to come on tne edge of tne paper and cause a break 

Tne junction of a refiner possessing the above action is to improve the suiface 
of the paper and so allow tne press and calender rolls to lie flatter on the paper, 
p^d pIIgw ingh speeds, to be obtained with gieatei ease Refining is often an 
ruuit’onal piocess to Denting, and does not m every case necessanly relieve the 
beating operations eitner m point of time 01 ponei lequired But it is frequently 
resorted to to impart qualities to the stuff that the beatei alone is unable to give 

Question 9.— A water is found to contain — 

Giams pel gallon 


Li me 112 

J[agnesia 8 0 

JSuljphm ic anhydi ide 8 0 

Cai ionic a nit ydi ide (etjpeUed on lotting) 13 2 


Ecjj/ess these results as jrnrts yer 100,000, and give the chemical 
formidee for the constituents. What chemicals would le f ieginred to 
soften this V'otet 7 (20 marks ) 

Answer. 



Giains 

Parts pei 


pel gallon 

100,000 

Lime 

112 = 

16 0 

Magnesia. . 

80 = 

11 4 

Sulphuric anhydride 

8-0 = 

11 4 

Carbonic anhydride 

13-2 = 

18 9 


On the supposition that the free carbonic acid expelled on 
boiling was in combination as bicarbonate of magnesia, and that 
the S0 3 is in combination with the lime, we should have bi¬ 
carbonate of magnesia and sulphate of lime Eveiy 44 parts of 
C0 2 expelled would be equal to 84 paits of monocarbonate of 
magnesia, or 40 of magnesia 

Chemical formulae of constituents— 

MgC0 3 , C0 2 , CaS0 4 , and CaC0 3 C0 2 
For softening this water I should use lime and soda ash, and, 
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if containing matter m suspension, a little alum m addition In 
such a water, to avoid deposition of a hard incrustation aftei 
softening, it would be advisable to u*e caibomser as is used m 
the Aichbntt and Deeley process 

Remarks—T o calculate tne a m oanfc of each, it is mere’v necessary to woik 
out tne neeessaiv amount of MgO to oomome v>itn tne C0 2 expelled, and tne 
necessary amount of Cat) to comome tne SO z If theie is CaO *n e\ce-s, 
this would exist as CaC0 3 

Question 10 —Gue a hi uf des* / ipuon of Bet Irani's vacuum 
ejectoi , cuicl discuss it ** meats compared with the o/di/iary vacuuni 
pumps for ectictihng the water ft tun the papei in its passage over the 
uae What saunrj in poirei would yon ecptct to obtain when using 
the ejectot ? (25 marks ) 

Answer —A box similar to the usual low water-box is em¬ 
ployed, into which the water from the save-all below the wire is 
conveyed m the usual manner, connected with this box is a 
centrifugal pump, prefeiably of brass with a special impeller ; the 
suction of this pump is connected to the low vatei-box by copper 
bend. 

The functions of this pump are— 

(1) To elevate the water to any ordinaly height, such as that 
of the ^Fullner” filter ; 

(2) To the mixing well on the sand tiaps ; and 

(3) To circulate the water through the ejectors. 

There aie two discharge branches cast on the casing, the inlet of 
the suction water being through the back cover 

On the vertical ascending discharge there is a patent automatic 
xegulatlng and non-return valve, which, when the machine stops 
work, retains the column of water in the pipe above ; and attached 
to this valve there is a lever connected to a float, which xegulates 
the amount of water ascending in the vertical discharge, and 
maintains a regular head of watei for Circulating through the 
ejectors. 

When two vacuum boxes are employed on the papermaking 
mac hin e only one ejector is necessary ; when three boxes, two axe 
used ; or foi two boxes and a felt box, two aie also necessary 

The water from the pump which is circulated through these 
ejectors is dischaiged from the branch on the under side of the 
pump. 

The ejectors are simple—a corneal regulating onfice with a 
valve is formed on the end of the regulating spindle to suit same, 
and diffuser with seriated blades, which cause the discharge orifice 
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of the ejeetois to he entirely filled The discharge from these 
ejectois passes into the low water-bos through a trumpet-shaped 
pipe. 

The connections between the vacuum boxes and the ejectors 
are made by means of the usual copper pipe 

TThen the excess backwater is elevated up to the beater house 
a separate centrifugal pump is applied to the low water-bos for 
this purpose, theie being a division m the box over which the said 
suiplus water flows into the suction of the separate pump ; the 
automatic float and valve aie dispensed with when this pnmp is used. 

The benefits to be derived, as far as my knowledge serves me, 
are as follows — 

A constant vacuum is obtained, as from tests it has been found 
that, by applying a vacuum gauge to the usual plunger pumps, the 
pointer palpitated from zero to 10 lbs. constantly, whereas with 
the ejector the point lemains stationary. More vacuum is leadily 
obtained than is lequired for the average class of papers 

The clearances being small, and velocity of water high, prac¬ 
tically no glutinous matter is allowed to gather m the pipes or 
pump, thereby broken paper is greatly lessened. 

In some paper machines this single pump has taken the place 
of seven ordinary pumps, which were used for vacuum and back¬ 
water, consequently all the complications of piping and parts, also 
wear and tear, disappear. 

Midi the modern paper making machine one of these pumps 
alone, with a small one for pulp, constitute the entire pumping 
arrangements when the water is not to be lifted up to such an 
altitude as the tank m the beater house In the latter case an 
additional water pnmp is employed as already explained The 
power is the same as with the ordinary pumping arrangement 

I should judge—only on this pomt I have no definite informa¬ 
tion—that the regular and steady vacuum should be a great relief 
to the wear and tear on the machine wire. 

Question 11. —Give a foief account of the substances repie- 
sealed by the following formulae , and descnbe their ordinary cont¬ 
inental forms No OH, NafJO^ NaHGO 3 , GaO, GaSO±, Ca(OCI ) 2 ,, 
AlfjSO± State what you hnozv of the composition of ult) amarine, 
smalts , china day , casein, and gelatine . (30 marks.) 

Answeh —IsTaOH is caustic soda or sodium hydrate, and is 
used for boiling rags and wood , for making rosin size , at times 
put into the chest to give paper alkaline reaction , and sometimes 
used for softening water. 



NaX'O^ is caibonate of soda or soda ash, used m the manu¬ 
facture of rosm size , cansticised with lime and used as above ; 
used for watei softening, chiefly to lemove permanent hard¬ 
ness ; used at times alone foi boiling rags, and sometimes jute, 
&c used m conjunction with lime for boiling rags 

XaHCOj is bicaibonate of soda s seldom used, but can be u^ed 
m place of soda ash 

CaO is caustic lime , chiefly used m lime-boil of rags, jute, &c , 
either alone or in conjunction with soda ash ; nsed also for water 
softening, and foi causticismg sodium carbonate and recovered 
soda When combined with chlorine gas it forms bleaching 
powder 

CaSO, is calcium sulphate ; used as terra alba and pearl 
hardening, as a loading material The crystalline form is com¬ 
bined with the molecules of watei Can be produced as a by¬ 
product m the manufacture of soda bleach by adding salt-cake 
to bleach solution. It is the basis of permanent haidness of 
watei s Used at times for coating papers 

Ca(C10) 2 is the formula for bleaching powder solution, and is 
called, chemically, calcium hypochlorite It cannot be said to 
pre-exist m the powder itself, but is formed on sturing with water 
and allowing to settle This solution is generally used direct 
for bleaching, but sometimes converted into sodium, hypochlorite 
by addition of pioper proportion of soda ash, and allowing the 
chalk formed by the reaction to settle out, or the Ca(CIO u can 
be mixed with the requisite amount of salt-cake (Xa 2 SOj, and 
the crystalline calcium sulphate (CaSO^EhO) allowed to separate 
out The crystals of pearl hardening so formed can be used for 
loading, and the sodium hypochlorite used m the ordinary way 
as a bleaching solution 

ALoSCb is sulphate of alumina, the commercial salt; is often 
associated with about 40 per cent of watei m the form of granular 
lumps ; bat more conveniently supplied as a nearly dry powder. 
The proportion of alumina (ALOj to sulphuric anhydride is 
generally not strictly m accordance with the above formula, the 
AhO* being generally m access, in which case it is known as basic 
sulphate of alumina. The two chief uses of this chemical aie for 
(!) the precipitation of rosm, and (2) as a controller and pre¬ 
servative of animal size or gelatine. In the case of (1) I am of 
opinion that the percentage of SO s is the real criterion of value, 
piovided that there is no free acid. As a consequence, the neaxei 
the formula approaches to A3 2 oS0 4 the better In the case of (2) 
it appears expedient and safer to use a more basic sulphate ot 
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alumina, and riiafc the criterion of value should be judged more 
from the percentage of alumina, provided that the product is not 
so basic as to render it as all insoluble m water 

There is a fuither use to which sulphate of alumina is some¬ 
times put—namely as a precipitant and softener for water. In 
conjunction with lime it forms flocculent alumina, which gets 
entangled with the other piecipitated salts, aiding their subsidence 
It furthermore carries down considerable quantities of organic 
matter, as well as all foreign matter in suspension, and so gene- 
laliy clarifies and purifies the water. 

Ulti attianae vanes somewhat m composition. The composi¬ 
tions given m Thorpe’s cfi Dictionary of Applied Chemistry ” give 
for ultramarines rich m silica a calculated mean— 


Si0 2 A1A Na 2 0 S 

German manufacture . . 39 25 26*72 20 08 11*97 
English manufacture ... 42 00 24 40 18 67 13 92 

Hoffmann says that the kind poor in silica and of a pale blue 
tmt has the formula 4(Aldtfa 2 SiA) + Rfa 2 S 4 According to 
Thoipe ultramarine is probably a double silicate of sodium and 
aluminium, together with bisulphide of sodium. 

jSmalts ” is an unfadmg blue used where absolute permanence 
is required , but, on account of its high price and comparatively 
low tmtonal power, it can only be used on high-class papers, such 
as hand-made ledgers. Thorpe gives its variation m composi¬ 
tion as— 

Silica 56-70 per cent 

Potash 12-22 „ 

Cobalt 6-16 „ 

It is really a potash cobalt glass or a mixture of potassium and 
cobalt silicates 

Ludwig’s analysis of the German deep-coloured smalts is— 

Silica... ... 66 20 per cent. 

Potash and soda . . 16 31 „ 

Cobaltous oxide 6 75 „ 

China clay is formed through the disintegration of felspars 
fairly free from iron. The felspar contains also mica and quartz, 
which have to be separated by agitation with water and allowing 
to settle. The finest deposits in the world aie in Devonshire and 
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Cornwall China clay is a silicate of alumina Richardson gives 
the analysis of Cornish china clav at— 


Silica . 

Aluminium 
Oxide of iron 
Lime 
Magnesia 

Potash and soda water 

Casein is a form of albumen 
withm the limits— 


40 32 per cent. 

39 74 
0 27 

o )G „ 

0 44 

12 07 „ 

The composition would fall 


Carbon 

Hydrogen 

Oxygen 

Xitrogen 

Sulphur 


50-55 per cent 
G 9-7 5 „ 

20-24 
15-18 
O 3-2 0 „ 


It can be got; by curdling skimmed milk with dilute acid 
Gelatine consists of carbon, hydrogen, nitrogen, oxygen, and 
often sulphur It approximates to the formula G^FCJS 2 0 , o , 
and according to F Davidowsky, the elements can be expressed 
m the following peicencages — 


Carbon 

49 T 

Hydrogen 

6 5 

Xitrogen 

18'3 

Oxygen and sulphui 

20 1 


100 o 


Question 12. —State the practical details you irould observe 
when maJcing a thick ch/omo paper so as to ensure fieedom fioni 
stretch and dusting in printing . (25 marks ) 

Answer. — It appears that most papermakers now depend on 
damping and supercalendering to give freedom from stretch, but 
unless the draws are nicely regulated when bringing the web over 
the machine, the liability to stretch always remains. 

Dusting is often due to excess of mineral matter imperfectly 
held together by the bad sizing. 

Remarks —Read Paper and Pulp, June 2, 1902, and June 16, 1902 The 
question of moisture m atmosphere and finishing the paper m the right con¬ 
dition for the prmtmg-room atmosphere, as well as the question of time and 
storage, have to be considered I am of opinion that it is a somewhat difficult 
matter to arrive at the desired result without reducing the bulbing qualities 
of the paper very considerably 



XIII. 

Honours Gbade. 

1903. 

Questiox 1 —With Spanish espcuto at £4 15s per ton f 0.7 , trace 
the inuements of cost of the cellulose through the several stages of 
ptepat at ion up to the stuff chest (25 marks ) 

Remarks —It is useless to attempt a specimen answei The idea is evidently 
to test tne students’ ability to deal with such questions It would be a mistake 
to take a ton of law matenal as a unit, as the calculation would be rendered so 
complex during the diffeient stages as the matenal is found to lose weight The 
simplest and most expeditious w ay, as tar as cost is concerned, would be to take a 
tun of bleached beaten stub as youi unit and take such a quantity of law matenal 
as v ould Yield this amount Thus, if you settled in youi own mmd that Spanish 
would yield 45 per cent of unbleached or 40 pei cent of bleached stuff, in estimating 
the latter you would stait with 2\ tons esparto grass at £4 15s , oi £11 17s 6 d 
worth of raw material To this prime cost of raw matenal must be added, at the 
different stages, the cost (pei ton of bleached stuff) for dusting, picking, boiling, 
bleaching, beating, &c , &c The calculation foi interest, depreciation, rent, and 
such-like charges can be averaged up and taken together at so much pei ton of 
output The coal can be dealt with in the same manner, or taken at the difteient 
stages of tieatment 

Question 2 —Draw up a scheme jor the production of the follow¬ 
ing papers^ showing the proportions of the various materials you 
would use , and their approximate cost per ton of finished paper — 
(1) Fine writings at 5d per lb , (2) E S printings at 2\cl. per lb , 
(3) JFeito at 1 ~d pet lb , (4) M G caps at 1 \d per lb . ~ State the 
average cost ofproduction m each case (30 marks ) 

Remarks —The idea in setting this question is evidently to test how much the 
students know of the commeieial part of the question which regulates the cost of 
the matenals which must he used m order to produce any given giades, while 
allowing for a sufficient margin of profit The whole point lies m taking into 
consideration the loss which, even when the best qualities of each matenal aie 
employed, invariably takes place between the law matenal and the finished paper 
This would be likely to prove a stumbling-block to most of the students Foi 
instance, m setting out the furnish for the fine wntings at 5 d per lb, it is 
necessary to bear m mmd that even new cottons at, say, £18 per ton will cost some 
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15 per cent more than the price before they are made into paper, m addition to 
the ubual loss thiough unperlect sheets 

The M G at lie? is, of course, an impossibility as it is not possible to pi educe 
an G cap worthy of the name at less than 1 per lb The aveiage cost of 
pioduetion of comse, vanes with the processes wmch tne vanous grades have to 
unaeigo, but m the case of the writings it should run about 35 to 3 5 per cent , 
while for the news and M G caps it snould be from 25 to 30 per cent Should 
the writings be plate-glazed tne cost wonld be about 40 per cent Tne figures 
vaij very considerably witn tne methods adopted m the different mills 

In this question as m the preceding one, sacn a quantitv of material must be 
set down at the onset as would vield, sav, one ton of paper With a rag losing 
25 pei cent foi every ton taken, only 15 cwt& of bleacned stuff would be obtained 
In older, therefore to obtain a ton of bleached stuff one must take— 

20 cwts x 100 ^, , 

(100 — 25} = 6 c ^ ts 

A paper made from such a rag and found to contain on burning 25 per cent of 
mmeial wonld require just one ton of rag per ton of paper, because tie loss 
sustained by the rag on treatment would just be counteibalanced by the gam due 
to added mineral 

Question 3— Wnie a shod general account of /Ofm-sizi/ig, 
dealing pen ticidarly it ifJi thefoVou tag points (a) Pi opot tion of soda 
to 7 osin y (If) effect of dilution before adding to the beata and in the 
beatei , (c) hard and soft ivaten > and use of bath-trait) ui the bcatn , 
(d) auxiliary action of colloidal alumina , sttnth , and cellulose, (7) 
thin and ihicl papers; (/) ik uer” and fee ’ tanning on the 
machine (25 maiks ) 

Answer.— (a) For convenience and general economy the 
proportion of soda to rosin should be such as to produce a size m 
which at least about 25 per cent, of the rosm is in the free state 
In ordinary practice this can be done when using between 
and 8 parts of rosm to 1 pait of commercial soda ash. 

(5) The effect of dilution is to bring about a certain amount of 
dissociation into free rosm which in the water is held m suspension 
m a hydrated or flocculent condition, so that it cannot settle out on 
standing. If hard water is used, the lime salts act m decomposing 
the rosm size as follows :— 

SOaHaOaXa + CaCO.CO, = C^H^O, + CaCO a + XaXJO. 
Eosin size and bicarbonate of lime becomes rosm, carbonate of 
lime, and soda ash. The effect is here to undo the saponification 
of the size, ]ust as though the caibomc acid had been passed 
through a solution of rosm size, a process that is made use of 
commeicially for production of size containing a greater amount 
of tree rosm. The permanent hardness of the water m a measure 
would react as follows :— 

SCaoHaOaXft + CaSO, = CtqH^Oj + Na£0. + CaO 
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As the proportion of lime salts to rosin size is slight, this 
reaction does not cut much of a figure. The effect of the dilution 
m the beater is to further increase the above reaction both m 
xegaid to dissociation—2C 20 H 20 O 2 Xa becoming C 20 H J0 O 2 and Na-,0 
—and decomposition, due to size being fuithei mixed with lime 
salts The milk of rosin mar, for the sake of aigument, contain 
2 pei cent losm, on being added to the beatei it may become 
u 1 per cent. rosm. Fiom 2 parts per 100 it has been attenuated 
to 2 parts per 2,000, or a dilution ot 1 to 20 

(0 This is dealt with above and m answer to Question 7, 
ordinary grade 

(d) I do not legard colloidal or any other form of alumina 
as a sizing agent, not as I understand the term “ sizing agent ” 
Colloidal "alumina has as its chief property the power of occluding 
organic matter (i e free rosm) and causing its more perfect 
letention by the fibres It has, m addition, pet se, a marked 
effect upon the qualities of the finished papei It assists, 
m conjunction with the losm, m the retention of mineral, and 
forms, with many soluble colours, the so-called lakes, which, being 
formed as it were in situ by the addition fiist of the colour and then 
of the sulphate of alumina, are fastei and firmly fixed m the fibres. 

Staich may be legarded as a sizing agent under certain 
circumstances, as it becomes one when the paper is calendered, 
more particularly so when the paper is plate glazed or friction 
glazed The starch is changed into othei substances by the joint 
acaon of heat and moisture. It serves to haiden the paper, as 
well as to give it a better surface, and has a marked effect upon 
the working of stuff on machine If boiled previous to adding to 
engine, and added either separately or with the size, it becomes a 
mineral retainer. There is a compound known as starch cellulose, 
discovered by Cross and Sevan, sometimes foimed when starch 
is added to jraper Colloid starch is often added to keep up 
colloid rosm. 

Colloidal cellulose, m the form of viscose, is a powerful mineral 
retainer. At the time of its precipitating it holds the minerals 
and pigments, preventing subsequent loss on the sand-tables and 
backwater. Its other and perhaps moie important function is its 
strength-giving qualities This is a quality which cannot be 
claimed either for starch or rosm, except, perhaps, in very weak 
papers 

(i e ) It stands to reason that thin papers require more rosm, 
&e., than thick papers. Within certain limits of thickness there 
is no difficulty 
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(/) A 4 * wet’’staff requires less sizing than a “free” stuff, 
the wet stuff being in itself somewhat of a sizing agent I have 
met with an extreme case of a fibre working so wet that it could 
not be operated upon the machine, and withfdifficulty only in the 
hand mould The waterieaf when diy would bear ink as well as 
any tub-sized paper The same is the case, only m a less degree, 
with all wet-woikmg stuffs Stuff working wet saves gelatine in 
the tub-sizing Stuff working free requires often a large per¬ 
centage to give it mk-heanng qualities 

Question 4= —State you ; idea* as to the futia e of elect) ic ity as a 
motive poll ei in the paper null , and desiribe what you hioiv (f its 
application at thepiesent tune (25 maiks ) 

Answer —Paper mill manufacturers are fast awakening to 
the saving to be effected through the application of electricity to 
the driving of papeimakmg machinery. Oases are very rare m 
which a very considerable saving cannot be effected by adopting 
electricity as a driving power The necessary machinery for the 
manufacture of paper covers very considerable flooi space, result¬ 
ing m either long lines of heavy shafting and considerable counter¬ 
shafting m order to drive from a single engine near the boilers, 
or m several engmes distributed over the works at considerable 
distances fiom the boilers IVifch either airangement, no pro¬ 
vision foi spares is practicable, hence the breaking down of a 
mam engine results in the shutting down of the whole plant 

By the application of motois, the shafting and counter-shafting 
losses are practically eliminated, and the motors can be so 
distributed as to really provide spares, rendering a complete 
shut-down only the remotest possibility. All machinery not m 
continuous use can be shut down quickly, and therefore no power 
whatever is used m driving such machinery or its shafting except 
when actually m use. 

Owing to counter-shafting and long transmission lines, more 
power is lost than is actually required to operate the small 
machines, such as reelers, cutteis, &o. This loss is almost entirely 
eliminated by the use of electricity 

In general, however, machinery in paper mills can be profitably 
operated by electricity Some electricians think that papei- 
machmes which use steam-engine and exhaust steam for drying 
the papei are more economical. The efficiency of steam-driven 
plants is sometimes low, and as the power lost in driving the 
shafting is practically constant, regardless of load, the efficiency 
of operation rapidly falls with light loads. 
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It has been the expenenceof the Westmghouse Company that 
electrical installations in paper mills will pay for themselves m 
from two to five years. Electrical driving is undoubtedly the future 
motive power for paper mills, as it allows of the greatest saving 
m cost of opeiation and requires little attendance The repairs 
are small, the motors occupy little space, large speed variations 
can be obtained economically and quickly, extensions can be made 
easily, and, as a natural consequence, the output of the mill is 
almost invariably increased by from 5 to 10 pel cent 

Eemarks —Electucal engmeeis aie now so fai assuied that they are able to 
guaiantee laige savings m many instances There is, however, something m the 
criticism that the electric plant is leplacmg old and wasteful plant, and that the 
same percentage saving could not be shown agamst an up-to-date steam-plant 
Personally, I ha’se nevei been conveited to the theory ot economising exhaust 
steam for diying cylinders, although I have seen a lot of it in piactice, and read 
and heard aiguments on both sides As to the advantages of electne duve foi 
papei-machines, I should have thought there could ha\e been no diffeience of 
opinion The exhaust steam used foi cylmdeis should not be subject to the 
vagaries of the engine-driving, which may or may not be equal to the diying 
requirements I am inclined to think that although theoiy points to the steam- 
engine exhausting into cylmdeis as being more economical than steam-engine and 
independent supply to steam-drying cylmdeis, a little common sense and less 
theory would leveal the fact that exhaust steam into the drying cylmdeis is the 
wrong thing from an economic and piactical point of view m nine cases out of ten 
There might be one case m ten wheie the exhaust steam system would pay, but 
I doubt it When electucians tell us (01 some of them) that a steam-engine is 
more economical than a motor meiely because the exhaust steam is usable for 
heating the drying cylmdeis, I fancy they must be misled by papeimakeis who 
still advocate this view 

One of the gieat advantages of electric duve, apait from the question of 
economy, is being able to know at any moment just what powei your machine is 
absorbing, because if yon know you can generally so contiol youi machine as to 
sa^ e some of the power 

Question 5 — What tests tan be applied to stiff in the beate > 
to follow the pi op ess of beating? Sketch a plan of systematic 
lecouts in regai d to theprepai cition of the stiff How can the beat¬ 
ing be influenced by chemical means ? (25 marks.) 

As regards the length of the stuff, at the early stages of the 
bearing the appearance and feel and travel are a sufficient guide 
As the heating advances the progress can he judged by drawing a 
wire through the stuff from centre to midfeather and lifting it 
horizontally. The way the stuff lodges on the handle of the wooden 
stirrer as id is raised nearly horizontally from the stuff will tell an 
experienced heaterman at a glance the condition of the fibres at 
the early stages. Where great care is necessary m clearing the 
fibres and bringing them to the right length, a little stuff is taken 
m a rubber hand-bowl from different parts, so as to secure an 



159 


average mixture A second hand-bowl is taken with some water 
m it, and the water and stuff ponied backwards and forwards 
fioin one hand-bowl to the other The stuff is diluted down by 
penodically adding additional water and allowing it to overflow 
into the beater until separate fibres can be seen floating xn the 
liquid The stuff is then pouied caiefally and slowly from one 
hand-bowl to another If the stuff is not cleared, or if the stuff 
contains knots, there is no difficulty m noticing them as the stuff 
overflows the lip of the hand-bowl It will be noticed, further- 
moie, that the fibies set themselves m one direction, according to 
the direction of the current, and an experienced beaterman can 
readily judge whether the fibres are reduced to the necessary 
extent, and obtains a general impression of the felting qualities of 
his stuff. The whole process does not take longer to perform 
than to describe. 

The rate of flow in a beater can be observed by following the 
suggestions as indicated in Parts VI and YII * “Theory and 
Practice of Beating,” * see The PAPEPaiAKEE, November 1 and 
January 1, 1903. “A rough-and-ready wav is to put a streak 
of colour right across the stuff just as it leaves the roll, and to 
observe how^ long it takes to get back to the «ame spot and so 
make a complete revolution, the distance of which can be got at 
by calculation if it is desirable to find the xate of travel ” For 
information as to systematic records see above-mentioned articles. 

The beating can m certam cases be hastened by chemical 
means. The stuff can be tendered by acids m cases where short 
and free stuff is required and where strength is of little moment 
Bags and jute can be piled up after lime boil, and allowed to 
ferment and get hot prior to beating The chemical treatment 
can be made to dispose of three-fourths of the power for beating, 
but except for special purposes the stuff is useless Alkaline sub¬ 
stances cause a slipping and easier motion of the fibres, under 
such conditions the circulation is promoted and the beating more 
leadily accomplished For obvious reasons, however, these 
expedients cannot be lesoued to m ordinary practice 

VTaxy substances sometimes form on the sides of beater which 
alter the skm-friction, and so m a measure alter the travel I am 
of opmion that when these substances are formed the stuff travels 
better and that there is less friction 

Question 6 —How no aid you ptoieed to prodme a u feather- 
Height ” printing at 2\d per lb. 9 Siheltde the materials you would 

Al&o Chapters on Papermakmg, Yol V 
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2 /^c tfad the pn cv tical details you would observe in the manufactuie 
in enlet to unpcnt tfae desued charade) istics to the finished sheet 
(25 marks ) 

Answer —Fecithei it eight —Some mills are now producing a 
fairly good featherweight fiom bleached sulphite, but at 2\cL per 
lb a good esparto paper can be had. The piejiaratory processes 
are as usual, but the bleaching must be done quickly, and all the 
machine-tackle must he worked so as to give as large a bulk as 
possible The wet felt must he of a close texture so as to avoid 
a felt mark, which only heavy rolling will cover up, and the press 
rolls and couchers must be hung a little so as to give as much 
balk as possible. 

Bewares —Much Has been written m Paper and Pulp fi am time to time on 
the subject of the balking of paper which, m a measure, would assist m flaming 
an anstv ei to tne foregoing question 

Que^txov 7 —Griie a general account of head and soft waters 
in 7 elation to (a) steam 7 casing , (b) the paper malting processes A 
v aier contains, pet 100,000 pat ts ,— 

CaCO u (as bicca bonate) . .. .. 18 5 

i fgS0 4 . 9 4 

Calculate the chemicals reguued to softenpe) 100,000, and show the 
adiantages of using the softened uater in the case of an esparto null 
(do maiks.) 

Ax^weu—A s to steam laismg, the hardness of water is a 
decided objection, as it produces scale in boileis, which makes the 
plates less heat-conducting and increases the coal bill, and is par¬ 
ticularly objectionable and sometimes dangerous when there is 
oil m the water Carbonate of lime alone would not be so 
serious, as this salt forms either a powder or a soft incrustation 
which is easily removed. When carbonate of lime is associated 
with sulphate or with magnesia salts, the incrustation is often 
very hard and difficult to remove All very soft waters have a 
tendency to corrode the steam-boiler plates This does not take 
place m presence of alkalies or lime salts, hence it is advisable to 
leave about 3 degrees of hardness m a softened water, unless there 
is a very small amount of carbonate of soda m excess. If a boiler 
has been run for a few days on hard water, so as to give a thin 
coating of lime salts, it can then be put on to soft water without 
any fear of corrosion to the plates 

For the purposes of papermakmg hard water has its advan¬ 
tages. It assists the papermaker to produce neutral or slightly 



basic paper. It gives to certain high-da*s papers a finish and 
appearance perhaps impossible to get m districts supplied oniv 
with soft water It can with greater safety be conveyed and 
stored m a paper mill m wrought or cast-iron pipes and tank* 
without dissolving out iron It has the disadvantage of 
consuming considerable qu mtities of alum m the chest or engine, 
because the hardness of the water has to be neutralised or over¬ 
come before the alum can have its proper effect upon the rosin. 
On the whole, I consider a water containing up to 21 degrees of 
hardness is a decided advantage for papermaking (apart from the 
steam raising) 

The advantages of a soft water are that it does not consume 
alum, and possibly it may produce a softer papei if desired. 
There are, however, some disadvantages m the use of a Wtiter 
that is naturally soft Such a water is often a surface or mooi - 
land water, and more or less coloured vith peaty and organic 
matter, and is more likely, m my opinion, to contain iroxT and 
other thmgs likely to discolour a high-class paper A hard water 
is often derived from undei ground sources, perhaps at a consider¬ 
able depth from the surface, and has undergone a natural filtra¬ 
tion, and is often clear and colourless. These tales, however, do 
not always hold good A soft uater corrodes tanks and pipes, 
and becomes discoloured by the dissolved iron, which is liable to 
affect the colour of the "papei Soft waters, especially those 
derived from moorland, are liable to act upon lead pipes, but this 
is stopped if a slight trace of carbonate of soda be added, or 
when the water does not contain le^s than three giams of lime 
salts per gallon 

CaCO^ requires OaO for its precipitation 

lOo requires 56 by theory 

100 requires 60-70 Buxton lime by practice. 

CaC0 o would reqiure, say— 

18 5 X 60 A , . 

-— = 11*1 parts of lime per 100,OoO 

= 15*9 grams per gallon 
= 15,900 grains per looO gallons 
15,900 . __ 

or > 7,000 ’ Sa? 2 * 

The following extract from Mr Harold Collet's book on 
water softenmg and purification gives the necessary information 
demanded m this question .— 

VOL II it 
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“Sulphate of magnesia is very soluble in water, 10 lbs of 
cold water dissolving -3 lbs of it Its solubility is also much 
increased by rise of temperature, and it is not liable by itself to 
cause any scale or deposit m boilers, although further on it will 
be shown that it has some action m this dnection when in 
company with certain other substances Nor is it corrosive or 
destructive to boiler plates, so that by itself it has practically no 
effect m a boiler It does not even cause priming to any appre¬ 
ciable extent, but it very much hinders the removal of lime salts, 
and may thereby make itself exceedingly objectionable. This 
has already been mentioned when speaking of quicklime, where 
it was stated that its piesence impedes the application of the lime 
Tor Clark’s) softening process pure and simple, by leason of the 
formation of sulphate of lime. An example will make this point 
clearer. Let us take a water containing of 

Carbonate of lime ... 10 giams per gallon 

Sulphate of magnesia . . 10 „ „ 

The hardness as indicated by the soap test, will be about 18 degrees, 
but its scale-forming power in a boiler will only be 10 grams 
per gallon, due to carbonate of lime. If the water be treated 
with"lime to remove the carbonate of lime, ve may get rid of 
7 grams of carbonate of lime, while the sulphate of magnesia 
will be decomposed, magnesia hydrate will be precipitated, and 
sulphate of lime to an equivalent extent will remain m solution. 
The water will then contain 

Carbonate of lime 3 giams pei gallon 

Sulphate of lime . . 11 „ „ 

The hardness will be about 11 degrees by the soap test, but the scale- 
formmg power will be 11 grams per gallon, as against 10 giams 
before treatment, while the resultant scale will be much harder 
than that made by the untreated water. 

In such a case as the preceding, soda must be used to decom¬ 
pose the sulphate of magnesia The decomposition of sulphate 
of magnesia by carbonate of soda is different from that of sul¬ 
phate of lime. TThen treated cold, the precipitate is a mixture of 
carbonate of magnesia, hydrated oxide of magnesia, and water, 
havmg the composition— 

4MgC0 3 MgH 2 0 2 + 9Aq 

°n the solution is boiled, the gi eater part of the water is 
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driven out, and some of the carbonic acid, and the precipitate 
becomes— 

3}IgC03IgH,0, - JAq 

The second kind of precipitate is le*s soluble than that hist 
descubed, which explains the superior results obtained by treating 
magnesian waters hot Caustic soda is a bettex oiecipitant than 
the carbonate of soda, as it produces die highly insoluble hydrate 
of magnesia; this is generally mixed, when treated cold" with 
some of the more soluble caroonate and Imitate mixed precipitate 
first described, owing to the presence ot carbonic acid m the 
water ; but if the watei is treated boiling, the precipitate is nearly 
pure hydrate. Instead of using caustic soda, carbonate of c oda 
may be used, with the addition of sufficient lime-water to com¬ 
bine not only with the carbonic acid m the water, but also with 
that m the carbonate of soda, which is thus partially causncised, 
but this method is inferior to the caustic soda process, and rarely 
gives such good results 

Question 8 —Wait do you lenow of the icquuemtnt^ of an 
inutahoti a/t” ? Give an approximate jihnirtt for tin* yu/de of 
paper at m 2\d. per ZZ>, and state how if on vovlrl ttHd i* in the 
various ]j/ocesses fiom the wet end to the cutta in Older to yet the 
best results (20 marks.) 

Axsweb. —Lnitiition Art —Furnish Spanish esparto, well 
boiled, fairly beaten, and well closed on the wire, a good pressure 
on couchers and press rolls, dry felts well tightened, and water 
doctors used on the machine calenders, so as to impart a smooth 
finish and cover up the wire and wet felt marks The coucher 
must be regulated so as to avoid too pronounced a wire mark, 
and the finer the mesh of the wne the better the results will be 
obtained. 

Another case in point Onr furnish would be 75 per cent, 
esparto and 25 per cent soda wood, our engine broke m six, 
30 to 38 per cent china clay (or rather these figures m ash) 
The sizing exactly as for an E S writing. Stuff must be fine 
and fairly free Fine for two reasons—f 1 ) to carry the loadiug ; 
(2) to take away the lumpmess or flaky appearance usually on 
the surface of printing and supercalendered papers Our water 
doctors fixed on the first stack calenders (Some mills have a 
small stack of three before this, the idea being to lay down the 
hairs usually seen on the surface of an esparto paper before tieat- 
ment at the wa<“er doctor ) You are aware, of course, that the 



184 


calender loll on which the doctor is inns ait ay from the watei, 
carrying a layer of water right on the roll The loll being 
treated causes water to boil or effervesce as it passes m the 4 nip ” 
m that condition The underside of the sheet is treated in a 
like manner on the other side of the rolls, one mp lower, of 
course Two stacks of calenders are used for drying and glazing 
{heated by In lbs steam), each roll ha\mg a doctor to catch the 
fluff and pievent sticking Abont the best way to see any differ¬ 
ence between water-glaze and snpercalendermg is to compaie the 
Strand and Windsor magazines The water used for water 
finish is either distilled water or condensed steam water A 
small addition of xosm size is quite as good as any one of the 
many preparations 

Question 0 —Gtiiuue the cip/ession 44 healing length ’ of 
paper s 9 <fnd show uhere it fails a? a companion of actual b/ealcing 
^trains ITliat clo you piopose in its place ? Propose such tests of 
opacity " and “ surface 9 or finish as admit of numerical lecoids 
(25 marks ) 

Answer —In answer to the first part of this question, I 
cannot do better than refer readers to the recently published 
pamphlets on the ‘‘CBS Units ” 

On the second part of the question very little work has been 
done I devised a simple instrument whereby the opacity of 
different papers could be measuied and leferred to a standard 
The expression 4 ' opacity thickness ” designates the thickness of 
the number of sheets m millimetres necessary to extinguish the 
light when seen throughout a distance of one foot from a one- 
candle-power lamp The opacity numbei of the paper, which is 
dependent upon thickness as well as upon fibre substance, is the 
number of thicknesses of papers required at one foot from stan¬ 
dard lamp to obliterate light Being now engaged m a series of 
researches in reference to this matter, I am hardly in a position to 
express a definite opinion as a standard for opacity For more 
detailed information, see Paper and Pulp, March 15, 1902. 

0 Winkler has been also working on the same subject (see 
Paper Trade Review*, March 7, 1902), and quite recently 
Dr Kiemm, of Leipzig, has devised a very ingenious machine for 
the purpose (see Paper and Pulp, October 1, 1903). No definite 
suggestion appears to have been made foi a standard of surface 
The surface might be measured optically by measuring the reflec¬ 
tion. If a ray of light were made to strike a paper at an angle 
to its surface, an unglazed paper would be illuminated, and would 
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reflect back the light en masse, but if the papei wa« glazed or 
surfaced, the reflection would make the same angle "with the 
surface of the paper as the angle of incidence A "fairly simple 
xnstiument could, I think, be devised that would take advantage 
of this m such a way as to admit of the reflection beincr measured, 
and give a numerical expression of the ** surface ” of any paper 
This method is at present undeveloped 

The only other process for determination and comparison of 
surface, as far as I can ascertain, is what may be termed the 
frictional method It is based upon the factional lesisfcance of 
the surface of the paper, by observing the rate at which a weight 
will travel down the surface of a paper when placed on an incline, 
or the angle of incline at which the weight will begin to move 
I am informed that the first and perhaps the only papermakei to 
institute a method of this sort was the late Mr Thomas Tait As 
far as I can ascertain, his method was to place a piece of paper 
upon a hard, ngid surface, such as a piece of plate glass, and a 
weight upon its surface, which should be the same in all cases 
The glass bearing the paper to be tested was slow h inclined 01 
tilted, and the ultimr continued until the weight comm* wed to 
hlule The angle of tilt would give you the surface ” or smooth¬ 
ness of the paper The smaller the angle of tilt, the greater the 
surface or smoothness, and i ice vet so* Possibly Mr. Thomas 
Tait’s native game of curling suggested this method to his mind 
This mode of testmg and comparing the “surface ” appears the 
most feasible one, and one that might be easily applied m ordinary 
practice 

As regards c * surface “* as it appeals to the touch or feel, the 
frictional method appears the most feasible ; but fiom the point 
of view of 4 surface 75 judged from general appearance, an optical 
method would be the best criterion. As an instance, I would 
mention that the suitability of an “art v paper to leceive half¬ 
tones should be judged m a measure by the frictional method, 
whereas the liability of an art paper to produce “fatigues of 
vision ” should be judged and measured by the optical method 

Question lu .—Describe how you would pioceed to convert 
10 tons of jute bagging into a shong cartridge paper, and schedule 
the duration of each stage, uifh the percentage of chemicals , steam 
Pressine , and temper atm e of bleaching solution State how you 
would prevent ehlo taxation of the fibres, when obtaining as white tt 
colour as jiossible, consistent mill tetaining the sttength and the 
yield of finished paper you would expect to obtain (25 marks ) 
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Ax^wep —The yield of finished paper, considering that the 
colour required is not high enough to cause waste by chloimation 
of the fibres, should be about 47 per cent of the weight of the 
jute treated 

Chlorination takes place most readily when boiled jute is 
exposed so an atmosphere of chlorine gas The chlorination is 
less and bleaching action more when boiled jute is treated with 
bleaching powder solution To further avoid chlorination as far 
as possible, I shall recommend removing as much non-cellulose 
as possible by boiling and washing prior to bleaching. Further 
and more detailed information on the treatment of jute appears 
in back numbers of Paper axd Pulp, where the subject of 
lime-hoilmg is fully discussed m “ Answeis to Test Questions ” 

Question 11 —Give a classification of uav fibrous materials 
and commet cial half-stuff's (1) accoiding to chemical characteristics , 
(2) acco/chug to the main types of paper which they are used to pi o- 
dvce (23 marks ) 

Axswer 

Lirjiufied Senes , with Giecdet Lignification at Top — 

Mechanical wood 
Jute, unbleached 
Straw, unbleached 
Hemp, unbleached 
Sulphite wood, unbleached 
Sulphate wood, unbleached 
Soda wood, unbleached. 

Soda wood, bleached. 

Sulphite wood, bleached 

Cellulose Residue Set les — 

Bleached esparto and straw. 

Bleached flax or linen rag stuft 

Recto Set les — 

Unbleached flax 

Seed Hairs — 

Cotton. 

Oxy celluloses, ivitli Highest at Top — 

Bleached straw. 

Bleached chemical aspen 
Bleached esparto. 

And all paper stock that has been over-bleached 



Hych ocelhdose — 

Tender rag stock 
Cellulose Hydrate — 

Linen "beaten 4 wet, * whethei from flax or mien rags 
Undercooked, unbleached sulphite, more particularly 
when used straight fioxn digester 
Possibly bleached straw, more particularly after wet 
storage 

Trade Clas^iticatiox. 

\Y) ihngs, Dj airings, Cat if nines — 

Linen 

Cotton 

Bleached chemical wood. 

Loans and Beales — 

Linen and flax 

Sometimes carefully prepared bleached sulphite ontfem). 
All beaten wet 

Filter Paper and Plottings — 

Formerly nearly all cottons, but now linen properly 
manipulated,"and a growing tendency to use eeitam 
kinds of wood. Sometimes about 10 per cent, mineral, 
but pieferably none. 

A further and useful classification can be made m accordance 
with cellulose percentage, which would run somewhat on the 
lines of ligmfication senes, except that bleached wood would 
come at top, instead of mechanical 

Other Particular» b 

Typewriting Papers — 

Cotton 

Linen 

With growing tendency to use chemical aspen or shoit- 
fibred bleached wood. 

Best Boole Papei and Bebt Periodicals — 

Edition de luxe , rag, hand-made and machine-made. 
Esparto, best printing qualities, stronger when mixed 
with bleached chemical 
Straw, 5 per cent, added to harden. 
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Printing Peters — 

Chemical wood or mixtures of chemical and mechanics 
down to SO per cent, mechanical for news. 

Fui Piocesb Pt inting — 

Imitation art*” containing esparto, chemical wooc 
and clay. 

The besc art, containing esparto and coated 

The woist art, containing mechanical 60 per cent 
chemical and clay, and coated 

Shong Wrappings — 

Hemp flax and underboiled, unbleached chemical wood 

Cable Pape/ should only contain hemp 

Remafks—T he above is br no means a complete classification, but merel 
by Tvav of example 

Question 12 —Whethei do you considei it to be mo j e economicct 
to supplemeat the steam-)aisingplant by installing a foiced draugh 
oppoi at us V'tth mechanical stoking, oi bg adding an additional boile 
and firing bg hand 7 State which type of forced di might cnicl me 
chemical stoker gov consider most efficmii. "(25 marks ) 

Ax-tf'ER —In most cases it appears that the most economica 
method ot firing is to have one boiler more than is actually 
required for work and to fire by hand If a forced draught musi 
be used, some people prefer the Meldrum without the improved 
Some consider the “ Hoker ” stoker is the best from their expert 
ence The Dennis has found much favour of late, and then 
so-called improved 6 Koker.’ ” Years ago the Tickers mecham 
cal stoker was largely used. 

The writer made many trials some years ago with mechamca 
stokers and forced draughts on different qualities of coals Th t 
question of hand firing verses forced draught is largely dependent 
upon quality of coal used. If a good stoker uses his head as well 
as his hands he can save a lot of coal m hand firing, and a mac 
m charge of mechanical stokers can waste a lot of heat if he is 
a fool. 
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PATENT TOWER 
BEATER. 

Great Economy in space 
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Patent Hydraulic Controlled 
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FUR MASGHINENPAPIERFABRIKATION 

Manufacturers of the Highest Qualities of 
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SULPHITE PULPS. 

(Bleached and Unbleached .) 


Mills at— 

ASCHAFFENBURG a. MAIN., 
STOCKSTADT a. MAIN., 

WALSUM a. RHEIN, and 
MEMEL i. PR. 

DAILY PRODUCTION 250 tons DRY WEIGHT. 


If the following features — 

EXCELLENT COLOUR, 
CLEANLINESS, 

REGULARITY OF QUALITY, 
SPLENDID FIBRE, 

are of Advantage for the Manufacture of your Papers, 
write for Sample and Quotations to the Sole Agents — 

HARRY B. WOOD, Ld„ Produce Exchange, 

MANCHESTER, England. 



ADVERTISEMENT^ 


Till 


ESTABLISHED 



Telephone 


Telegrams 
“ PORRITT, 
HELMSHORE’ 


StNNY BANK MILLS 


JOSEPH PORRITT & SONS, 

HELMSHORE’ 


Near Manchester. 


FELTS 


jfnr ^Saptr=iHafetrs. 


SIEVES, BLANKETS AND LAPPINGS 

For Paper Stainers 

BLANKETING for Letterpress Printers. 


And alt kinds of WOOLLEN, LINEN AND COTTON CLOTHS for 
Mechanical Purposes. 



TRADE 










